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ABSTRACT 


Growth chamber and field experiments were concerned with effects 
of the combination of oil from rapeseed (Brasstca campestris or B. napus 
L.) with certain herbicide treatments. 

Of a number of emulsifiers tested to determine their suitability 
for emulsifying rapeseed oil in water, Triton X-363M was found to be 
the most useful. ts optimum concentration range for this purpose was 
5 to 10% v/v of the added oil. The 5% concentration selected for use 
in all subsequent experiments did not adversely affect the growth of 
rapeseed test plants. 

Four fractions of rapeseed oil tested during preliminary experi- 
ments were crude oil; refined oil; refined and bleached oil; and | 
refined, bleached, and deodorized oil. Since none of these fractions 
of rapeseed oil at rates of from 5.62 l/ha to 11.23 1/ha had any 
effect on the growth of wild oats, rapeseed, wheat, common buckwheat, 
oats, barley, and faba beens, the cheaper crude fraction was used in 
succeeding experiments. Crude rapeseed oil, sprayed at rates as much 
as 112.33 i/ha, caused no damage on barley, wheat, faba beans, 
and rapeseed plants. 

Microscopic examination of Tartary buckwheat leaves sprayed with 
2,4-D amine with and without added rapeseed oil indicated that the 
addition of oil to the spray increased the wetting and spreading of 
the herbicide on the leaf. The cuticle layer under the oil droplets 
appeared to be softened or partially dissolved. Such activity of the 
oil in combination with certain herbicides presumably was responsible 


for the increases in their phytotoxicity in various growth chamber, 
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greenhouse, and field experiments. 

In the growth chamber and greenhouse the oil significantly increased 
the phytotoxicity of 2,4-D amine on Tartary buckwheat, MCPA amine on 
Tartary buckwheat and hemp nettle, and benazolin on cleavers. There was 
no adverse effect of these 2,4-D and MCPA sprays on wheat or of the 
benazolin treatment on rapeseed. Rapeseed oil added to chloroxuron 
greatly increased the phytotoxicity of the herbicide on green foxtail 
but also reduced the selectivity to such an extent that the crop, faba 
beans, was severely damaged. The oil tended to increase the phytotoxicity 
of barban on wild oats and of dalapon and TCA on green foxtail but 
decreased the effect of nitrofen (niclofen) on Tartary buckwheat. 

In field experiments the addition of rapeseed oil significantly 
increased the phytotoxicity of 2,4-D amine on Tartary buckwheat in 
wheat, MCPA amine on Tartary buckwheat in oats, and benazolin on 
cleavers in rapeseed without injury to the respective crops. Oil 
added to barban for treatment of wild oats, and to dalapon and TCA 
for sprays on green foxtail had no appreciable effect on the phyto- 
toxicity of these herbicides. Rapeseed oil added to nitrofen decreased 
the effect of this Acar el Ui Tartary buckwheat in rapeseed. 

Based only on economic considerations the treatments in which 
rapeseed oil increased the effect of the herbicide appear not to be 
profitable but this viewpoint could change if herbicide prices continue 


to rise and if there are rapeseed surpluses which lower the price of oil. 
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INTRODUCTION 


Rapeseed is the most important oilseed crop produced in Canada and 
is Canada's third most valuable annual crop following wheat and barley. 
The rapeseed crop reached a record 5.3 million acres in Canada in 1971. 
This country has become the world's largest producer and exporter of 
rapeseed (Downey et al., 1974). 

Ancient civilizations in Asia and along the Mediterranean recorded 
the use of rapeseed oil for illumination as early as 2000 B.C. and later 
it was used in foods and as a cooking oil. Although the crop was grown 
in Europe in the 13th century, its use was not extensive until the 
development of steam power when it was found that rapeseed oil would 
cling to water- and steam-washed metal surfaces better than any other 
lubricant. Rapeseed was first grown commercially in western Canada 
in 1942 as a war measure to supply oil for lubrication of marine 
engines aaa Allied navies (Downey et al., 1974). Rapeseed oil 
now has many industrial uses. As well as a lubricant for marine 
engines, a general purpose grease has been developed in which rapeseed 
oil replaces castor oil. The oil is aiso used in conjunction with tallow 
as a lubricant for cold. rolling steel and in the manufacture of soft 
soap used in sizing cloth. The Bhiiéic acid fraction has special 
industrial application such as the lubrication of jet engines, the 
manufacture of plastics, the making of erucic ethylene glycol polyester 
surface film to reduce evaporation in rice paddies, and as a floatation 
agent in potash mining (Downey, 1965). On the other hand only a very 
low amount, or absence, of erucic acid is a requirement for high quality 


edible rapeseed oil. 
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In Canada the first edible rapeseed oil was extracted in 1956-57. 
Since then the market has expanded rapidly. Cooperative research on 
various aspects of plant breeding, rapeseed processing and utilization 
has resulted in rapeseed oil becoming the most widely used edible oil 
in Canada. It now makes up 40% of all vegetable oils consumed as 
margarine, shortening, salad oil and cooking oil (Downey et al., 1974). 

For many years petroleum oils have been used to increase the weed 
control activity of certain herbicides. Recently certain vegetable 
oils such as linseed oil and sunflower oil have been used effectively 
for the same purpose (Nalewaja, 1968). With the addition of either 
petroleum or vegetable oils to certain herbicides it has been possible 
to achieve satisfactory weed control from smaller amounts of the 
herbicide than were required for equivalent control without the oil 
additive. An associated advantage resulting from reduction of the 
herbicide donace could be reduction of chemical residues in the field. 
This prompts considerations of the possible effectiveness of rapeseed 
oil as a herbicide adjuvant. In view of the lack of information on 
this subject the object of the research described in this thesis 
was to evaluate the effects of inclusion of rapeseed oil with various 


commonly used herbicidal treatments. 
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LITERATURE REVIEW 


History of Use of Oils in the Herbicide Field 


There is a long history of the use of oils in weed control. The 
weed killing ability of petroleum oils has been known since the 
beginning of the petroleum industry Fi etouat they did not become 
commercially significant for this purpose until the early 1940's 
(Hammond, 1967). ‘The first uses of oils as herbicides were for 
total weed control in firebreaks, roadsides, fence rows, and ditch 
banks. Oil sprays were used instead of tillage for weed control 
in citrus orehards in the 1930"s (Crafts and Reiber, 1952). In 
the late 1940's fuel oil was widely used by railways for right-of- 
way weed control (Hammond, 1967). When labour became scarce ee 
World War II, oil sprays in the United States saved many thousands 
of acres of carrots (Daucus carota L.) that would have been lost 
if hand tees en had been required to weed them. Diesel oil 
emulsions were used in as guayule crop (Parthentum argentatum 
Gray) (used in rubber manufacture) to allow maximum production and 
complete mechanization for this crop, which was considered crucial to 
war-time production (Crafts and Reiber, 1952). 

There were problems and critical periods in the history of the 
use of oil in the herbicide field. Stove oil, if not used carefully, 
left an oily flavour in carrots; synthetic rubber reduced the need 
for guayule; and fuel oil prices rose to a level that almost 
prohibited their use for weed control. Thus the future of oil in 
the herbicide field was in doubt. Yet farmers needed oil sprays 


for irrigation systems infested with weeds and for fence lines 
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harbouring insects and diseases (Crafts and Reiber, 1952). Research 
continued and soon led to the finding that safe and beidcureauced 
control in carrot crops could be achieved by use of refined oils of 
the Stoddard solvent type. Stoddard solvent is a straight-run 
petroleum naphtha fraction of low flammability containing principally 
aliphatic hydrocarbons. Such use was extended to celery (Aptum 
graveolens L.), parsnips (Pastinaca sativa L.), parsley (Petroselinum 
hortense Hoffm.), and dill (Anethun graveolens L.) crops. Foresters, 
finding that conifer seedlings were tolerant to refined oils, sprayed 
forest tree nurseries for weed control. It was also found that a 
somewhat less toxic oil could be safely used on flax (Ltnun 
usttattssimum L.) and onions (Allium cepa L.) (Crafts and Reiber, 
1952). Altogether then, the scope for use of oils as herbicides 
became quite extensive. 

Many attempts were made during the 1940's and 1950's to relate 
the herbicidal activity of oils to their chemical composition. It 
was generally concluded that in petroleum fractions aromatic and 
olefine compounds were among the most phytotoxic, while aliphatics 
were comparatively safe on certain crops (Havis et al., 1952) 

(Foden, 1972) (Van eee and Blondeau, 1954). 

With the introduction from France in 1938 of the use of the 
dinitro compounds for selective weed control (Ashton and Crafts, 
1973) and knowledge of the selective herbicidal properties of 
(2,4-dichlorophenoxy) acetic acid (2,4-D) made available in 1944 
as a result of the United States Military's biological warfare 
program and British investigations (Peterson, 1967) the age of 


selective herbicides arrived. These selective herbicides could be 
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applied in much lower volumes of water than the amounts of oils used 
by themselves (Crafts and Reiber, 1952). Development of heath ore 
emulsifiable concentrate formulations of 2,4-D and similar compounds 
largely replaced wholly oil sprays. Use of oils in herbicide 
application generally involves the addition of 0.5% to 10% by volume 
of emulsified oil to aqueous sprays of water-soluble herbicides or 
aqueous dispersions of wettable powders (Foden, 1972). 

Recently, due to the high cost of selective herbicides, there 
has been an even greater interest in the addition of emulsifiable 
oils to herbicide sprays. The main use has been that of 2-chloro- 
4—-(ethylamino)-6-(isopropylamino)-s-triazine (atrazine)-oil sprays 
in the Corn Belt of the United States. Addition of 9.35 to 18.7 I/ha 
(1 to 2 US gal/A) of light mineral oil caused increased control of 
grassy weeds in corn (Zea mays L.) especially in the drier areas 
where pre-emergence action of atrazine has been erratic (Bandeen, 
1969) (Schrader, 1970) (McGlamery, 1971). Vegetable oils as an 
alternative to petroleum oil additives have in some instances 
provided very satisfactory results (Nalewaja, 1974). Various 
vegetable oils used in this way have included: corn (Zea mays L.) 


4 


oil, peanut (Arachis hypogaea L.) oil, soybean (Glyctne max(L.) 

Merr.) oil, safflower (Cathanus tinetorius L.) oil (Coats and Foy, 
1971), linseed (Lime usttatisstmun L.) oil, and sunflower (Heltanthus 
annuus L.) oil (Nalewaja, 1968). The present thesis deals with 
experiments involving rapeseed (Brassteca spp.) oil (Warrington and 
Corse toys). 


Petroleum Oil Additives to Herbicides 


Various types ef petroleum oil fractions have been used with 
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herbicides with varying degrees of success. It was first shown by 
Ennis (1951) that the phytotoxicity of 2,4-D and (2,4,5-trichloro- 
phenoxy) acetic acid (2,4,5-T) could be increased by emulsifying 52Z 
of a non-phytotoxic oil or diesel oil into the spray fluid. Gertsch 
(1952) found that the addition Gf 107 oil increased the activity of 
2,4-D amine and a 2,4-D ester against beans. Little additional work 
was done on oil additives until Anderson and Jones at the University 
of Guelph, Ontario (Anderson, 1963) investigated the concept of using 
highly refined oils as carriers for herbicides in post-emergence 
applications. Their initial work was done using atrazine with a 
highly refined paraffinic oil (Imperial Oil Esso 862) as a post- 
emergence spray on field corn (Anderson and Jones, 1964a, 1964b, 
1964c). In 1966, Sunoco Superior Spray Oil 11E received principal 
attention as an oil additive. Results showed that this oil improved 
the performance of atrazine (Verstraete and Bandeen, 1966) and 

3- (3, 4-dichlorophenyl)-l-methoxy-l-methylurea (linuron) (Brown and 
Frank, 1966) as a post-emergence foliar spray in corn. In 1965, an 
experimental use was approved by the Ontario Department of 
Agriculture recommending the use of oil "to increase the post- 
emergence activity of atrazine and to extend the period of 
application™ (eegréef et at., 1970). 

In the United States application of non-phytotoxic (phytobland) 
oil with atrazine was tried in 1966-7 and was found to improve weed 
control in corn (Miller, 1967) (Ross and Williams, 1967) (Bandeen, 
1969) (Schrader, 1970) and in sorghum (Sorghwn spp.) (Wicks et al., 
1967, 1968). Following the success of atrazine plus oil, oils were 


tested with other herbicides. Aya and Ries (1968) found that the 
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addition of 18.7 1/ha (2 US gal/A) of a non-toxic paraffinic mineral 
oil enhanced the herbicidal activity of 3-amino-s-triazole (amitrol) 
to quackgrass (Agropyron repens (L.) Beauv.). Dexter and Smith 
(1969) found that 9.35 l/ha (1 US gal/A) of Sun Oil LIE when added 
to the herbicides 5-amino-4~-chloro-2-pheny1-3(2H)-pyridazinone 
(pyrazon) and methyl enyiabtone aebbn sae m-methylcarbanilate (phenmedi- 
pham) increased weed control in sugar beets (Beta vulgarta L.). 
Miller and Nalewaja (1970) (1973) also found that oil additives 
increased the effectiveness of phenmedipham for weed control in 
sugar beets. Barrentine and Warren (1970) found isoparaffinic oil 
enhanced activity of 3-tert-butyl-5-chloro-6-methyluracil (terbacil) 
and isopropyl m-chlorocarbanilate (chlorpropham) on giant foxtail 
(Setarta fabertt Herrm.). Added oil also increased the response to 
2-sec-butyl-4,6-dinitrophenol (dinoseb) (Burr and Warren, 1971). 

Not all work with oil additives has shown beneficial effects from 
their Secure with other compounds. Although herbicidal oils are still 
used in cotton (Gossypium htrsutum L.) (Robinson, 1973) some work 
involving, for example, addition of phytobland oil to monosodium 
methanearsonate (MSMA), 1,1-dimethy1-3-(a,a,a-trifluoro-m-tolyl) urea 
(fluometuron), 3-(hexahydro-4, 7-methanoindan-5-y1)-1,1-dimethylurea 
(norea), and disodium methanearsonate (DSMA) showed no significant 
effect of this combination on weed control in cotton (Hogue, 1974). 
There was also no effect of the addition of phytobland oil to 3',4'- 
dichloropropionanilide (propanil) for the control of barnyardgrass 
(Echinochloa crus-gallt (L.) Beauv.) in rice (Oryza sativa L.) 

(Smith; 2974). 


On balance, however, herbicidal preparations including non- 
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phytotoxic oils have been sufficiently useful to warrant various 
accepted recommendations for post-emergence applications in corn in 
Canada and the United States and in sorghum, sugar cane (Saccharum 
offtetnarum L.) and Florida turf in the United States (Degreef et al., 
1970). 
Physiological Effects of Adding Oils tolHerbibides 

Before herbicides can penetrate into a plant the spray droplets 
containing the chemical must be retained on and come into close contact 
with the leaf surface. Oil-water emulsion carriers for herbicides can 
aid in this retention and leaf wetting. Irregular surface wax 
deposits exert a great influence on wetting and the contact angle 
between the droplet of emulsion and the leaf surface (Crafts and 
Foy, 1962). Added oil reduces surface tension of the droplet which 
allows for better wetting and spreading (Bandeen, 1969). Saunders 
and Lonnecker (1967) used time-lapse motion picture photography to 
show differences between droplets of water containing herbicide and 
droplets of oil-water panies containing herbicide. They found that 
the droplet of water containing a wettable powder herbicide spread 
very little, about twice the diameter of the drop before it touched 
the leaf, and that when the water evaporated it left a spot of 
herbicide covering only a small portion of the available leaf 
surface. The oil containing droplet spread rapidly to cover an 
area 10 to 20 times that produced by a water droplet of the same 
size. This rapid wetting action served to distribute the herbicide 
uniformly and to bond the toxicant to the leaf surface. It was also 
found that the oil mixture had the ability to move up the leaf 


against the pull of gravity, cross natural boundaries in the leaf 


= . " ‘ek! 


‘paneled 908 Ss ti asarets Ty . . 


Es AS) 


GX tek? Db HARD ag edgier 
cating i). Aime. cL alee sella ‘oz ‘ta 


eh Reacieey. ae tnde ens st “0 ay oak 


Tees ity | ) 
be Mba a _ if agile Sibah'to ad: ig ie sho: a 2 
: : . ; a os ; 
 BRedpor, wary ye ody ‘pels aA ied enaeey, he = ‘ # Bi 
SRT HEN pants see ‘ehe Sts co), Pear) a cate cell ie Iai : 
. WAS pe) Pn Vat: “ 3 oo re ro oF Tie a : ¥ + pa! panting wat w z ROT 
| aa ape rs | ahs ed BESS 5. haget ie. “Aelobaaa ih a 
; A gery beso ws lice. wid i eee: Coan ae: bay ine tg a ae sith 
bad werd} - “hg ¥ a : hie big a MES) 2 (omens 
prine’ Sti co ib ee et diet es an 1h natok § 
; ie si e ea a] ae Me: Bi Be al S Ly iiaaiiod Dbopistra! 
: Rn ae na ne my Wa bho 
: aa waiting aay atime ie ah ier st ‘yal ~<A ice ahs shite en 
ig e a a , 7 kee i ‘oh i. ek ates | ¥) if Dan 5 baa iat 
Hy). ier oy , i ; 
si hap f wget” cb Hf J ppiges tis v4 otis Sun nis 
| aay i ie Lika inetice rahe peAR Hi & “SF p wi Hire “jae Fo sip a 
! tenknod- a 40 lip th ht 2, tat ? th RJ +2 ay aii wine oety Re 
| A Pe ‘ sib) L dope Gye se: : i Hoh Suid | Pape ete 
a ‘4 ; ied zat fe 
Le. , peel ee la. tava wis oc | im Thee te Vino QalGery aha haga all 
: Ah MAPS Of ThbTHpy 2 a plese ian Lie at Wiha hae 
; ‘ ; ae a Dies aeeieah — Ww Pe hsinceehy jae?! Seats . ah ats i Aeig 
iss, | UR ibe’ Giver solr ede 


Bee el a ee ne ee 
- 1 a \ ' 


bait Pt aI Elia ky ob eee 


such as the midrib, and to produce a strong capillary action in the 
interstices of the plant. 

O41 also acts as a sticker in that it evaporates less rapidly 
than water and therefore maintains the herbicide for a longer period 
of time ina moist or soluble condition allowing greater uptake by 
the plant (Bandeen, 1969). Using a one mineral oil Saunders and 
Lonnecker (1967) found that the oil stayed on the surface of the 
plant for about 7 days. The oil film was maintained long enough 
to give good weed control but not so long that it suppressed crop 
growth functions or caused residue problems. 

Oils added to herbicides can also increase the penetration of 
the herbicide into the foliage of the plant. Penetration of a 
herbicide into a leaf is greatly influenced by the plant. cuticle. 
The plant cuticle is a layer on the plant surface formed by 
extrusion from the epidermis. It is continuous and not cellular and 
is Peace layers of cellulose, pectin, and cutin, the latter 
containing wax ete ene ied in it. There is usually a layer 
of hydrophobic surface wax with various ornamentation (Robertson and 
Kirkwood, 1969). There exists a gradient from low polarity at the 
exterior of the cuticle to relatively high polarity in the layers 
bordering the epidermal cell wall. Lipophilic waxes predominate 
toward the outside, the outer layers contain only wax and 
semilipoidal, semipolar cutin. Hydrophilic substances, cellulose 
and pectin are in predominance in the inner regions (Foy, 1964). 
This gradient of polarity is of importance in the penetration of 
herbicides. Foy (1964) has reviewed the theory that there are two 


absorption pathways: an aqueous (polar) route and a lipoidal (apolar) 
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route. For aqueous solutions of herbicides entry is through cracks, 
punctures, or areas of leaves not completely covered with aay 
lamellae, ee follows a polar (aqueous) route presumably by the 
hydrated cutin and/or hydrophilic pectin and cellulose portion of 

the cuticle. If the waxy surface layer is thick and there are no 
punctures then aqueous solutions have difficulty in penetrating. 

For oils or herbicides in oil carriers, absorption takes place directly 
through the waxy portion of cuticle via an apolar (lipoid) route 

(Foy, 1964). The sticker effect of oil and retardation of evaporation 
that Bandeen (1969) mentioned would leave water for the hydrophilic 
part of the route into the plant once the oil had helped penetration 
through the lipophilic layers. It has been found by Foy (1964), 
Bandeen (1969), Caseley (1970), and McGlamery (1971) that oils 

soften or solubilize the cuticle and/or plasma membrane, displacing 
lipoid molecules and increasing permeability, thus enhancing herbicide 
uptake through the lipophilic pathway and enabling plants with cuticles 
that restrict herbicide entry in the aqueous phase to be controlled. 
Using TGo ap awed atrazine Schrader (1970) found that the oil- 

water emulsion doubled penetration of atrazine per unit area of leaf 
surface of corn. Peacock (1970) also found that the penetration 

of Wecieper tee atrazine and 3,6-dichloro-o-anisic acid (dicamba) 
through astomatous leaf surfaces of Tradescantia (Tradescantta 
flumtnesin Vell.) was increased by the use of oil-water emulsions 

as compared to 0.1% surfactant solution. Using LY enapetted 

mineral oil, he found that the oil itself penetrated the leaves. 
Saunders and Lonnecker (1967) found that only 10% of the oil applied 


actually penetrated to the interior. They came to the conclusion that 
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it was not the penetration of the oil that was important but its 
softening action on the cutin layer. The plasticized cutin anes 
acts as a transfer medium which allows the herbicide to migrate in 
all directions within the plasticized layer. 

Therefore, by the addition of oil to herbicide sprays, retention, 
leaf wetting, and penetration are increased and thus more of the 
applied herbicide finds its way to the site of action. This also 
presents the opportunity of using less of the herbicide and still 
getting the required weed control. 

Requirements of a Non-Phytotoxic Oil 

The phytotoxicity of oil is associated with increased aromatic 
contents and decreased unsulfonated residue values (Peacock, 1970).. 
In phytobland (non-phytotoxic) oils, sometimes called "superior" oil 
because of their use as dormant orchard sprays, the aromatic content 
is quite low. Purity of oils is expressed as a UR (unsulfonated 
residue) value. Phytobland oils have UR values higher than 90%. 
That is, there is 10% sulfonated residue or 10% aromatic compounds. 
Viscosity is expressed as Saybolt Seconds Universal (SSU), indicating 
the time for a given quantity of oil to pass through a funnel 
orifice test. The larger the number, the more viscous is the 
substance. Common viscosities for phytobland oils are 90 to 130 
SSU (McGlamery, 1971). 

An example of a non-phytotoxic oil is Sunoco Superior Spray 
Oil 11E. This oil has a viscosity of 100 SSU and an unsulfonated 
residue over 90% (Degreef et al., 1970).- 

Peacock and Dybing (1969) also found that distillation tempera- 


ture, refractive index, molecular weight, and flash point were all 
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associated in determining herbicidal enhancement for paraffinic oils. 
Saunders and Lonnecker (1967) stated that non-phytotoxic as spray oils 
generally average around 25 carbon atoms per molecule. 

The rapeseed oil used in the work reported in this thesis was 
composed of fatty acids of triglycerides that vary from 16 to 22 
carbons (Western Canadian Seed Processors Ltd., 1973). 

Surfactants or Emulsifiers for Making Oil-Water Emulsions 

Phytobland oils are usually pega atethe ratesof il 23° to 
22.47 i/ha (1 to 2 Imp gal/A) with enough water to make up a 
1i2. 33" t07224. 6641 /ha ‘(L0%te"20 impesai/A) spray mixture: “It is 
necessary to add an emulsifier to allow thorough mixing of water 
and oil. The usual emulsifier content is 0.5% to 2% (McGlamery, 
LOFT) s 

Some emulsifiers are added to the oil by the manufacturers. For 
example Superior Spray Oil 11E contains an emulsifier specifically 
designed to provide emulsification in water up to 1200 ppm hardness 
in cold water (5°C) (Degreef et al., 1970). The emulsifier must be 
"tailor made" to the properties of the given oil. This combination 
must in turn be compatible with a wide variety of surfactants used 
as dispersing agents in wettable powder herbicides or used as 
emulsifying agents in emulsifiable concentrate formulations of 
herbicides if the final spray mixture is to give maximum performance 
(Saunders and Lonnecker, 1967). 

Some of the emulsifiers that have been used with phytobland oils 
are X-77 from Collodial Products Corp. (Barrentine and Warren, 1970), 
Tronic from Fisons Ltd. (Addink and Nalewaja, 1972) and Triton X-207 


from Rohm and Haas (Wicks et al., 1968) (Aya and Ries, 1968). Triton 
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X-207 seems to be the most commonly used emulsifier for this purpose, 
especially for emulsifying vegetable oils (Nalewaja, 1968) (Miller 
and Nalewaja, 1970, 1973). 

Coats and Foy (1974b) have studied the effects of emulsifier 
concentration in petroleum oils on the uptake of etianevied 
atrazine by corn. They found that there was no additional promotion 
of aC uptake from the use of emulsifier concentration above 
2.0% in the oil of a 10% oil-in-water emulsion. They used a range 
trom 0557: to. 6.07 emuleifiden (y7/y) . 

The emulsifiable oils used in many of these experiments contain 
up to 5% emulsifier v/viof the, oil. Spray solutions containing 4.55 1 
(1 Imp gal) of oil in 45.46 1 (10 Imp gal) of water will therefore 
contain 0.5% of a surfactant, a concentration which has been shown by 
Parr and Norman (1965) to have considerable effect both on spray 
retention and, herbicidal activity. The use of herbicide-surfactant 
controls can help to define the true effect of oil addition. 
Accordingly in the pic described in this thesis emulsifier- 
herbicide treatments were used which contained the same amount of 
emulsifier used in various oil-emulsifier-nerbicide applications 
(Warrington and Corns, 1974). 

Since Triton X-207 is no longer cleared by the U.S. Food and 
Drug Administration for agricultural use (Coats and Foy, 1974a) the 
emulsifier used in this study was Triton X-363M, another Rohm & 
Haas product which proved to be satisfactory for use in preparation 
of material for the various treatments. 
Vegetable Oils as Alternatives to Petroleum Oil Additives 

Since initial experimentation with oil-water emulsions with 


atrazine in the early 1960's, much research has involved the use of 
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different oil additives. Nalewaja (1968) first asked the question: 
"could oils, such as linseed or sunflower oil, be potentially useful 
as crop oils with various herbicides?" . He also stated that if an oil 
from an agricultural crop would prove superior to petroleum oil in 
achieving effective weed control with herbicides, the benefits to 
the farmer could be multiplied. By using an agricultural crop oil 
with herbicides, farmers might not only increase their weed control 
and crop yields, but also help utilize the agricultural surpluses. 
Recently vegetable oils from linseed, soybeans, safflower, cotton- 
seed, and peanuts have been used as alternatives to petroleum oil 
additives (Nalewaja, 1974). With the anticipated shortages of our 
petroleum resources, use of a renewable of1 resource is another 
reason for shifting to oils of crop origin. 

In 1968, the first field experiments were conducted using 
sunflower and linseed oil with 2% Triton X-207 and a petroleum 
oil with 1% Triton X-207 emulsifier. Nalewaja (1968) reported that 
linseed and sunflower oil when added to atrazine were equal in effect 
to petroleum oil at 9.35 1/ha (1 US gal/A) but the linseed and 
sunflower oil used at 2.34 i/ha (1 US qt/A) tended to result in better 
weed control than occurred after use of 9.35 l/ha (1 US gal/A). 
Moreover 2.34 l/ha (1 US qt/A) of the vegetable oils induced better 
weed control than 2.34 1/ha (1 US qt/A) of petroleum. The results 
of greenhouse experiments were variable but generally substantiated 
the field experiments. Nalewaja and Messersmith (1968) also found 
that 2.24 kg/ha (2 1b/A) of pyrazon plus 9.35 1/ha (1 US gal/A) 
of linseed oil gave as good weed control in sugar beets as 4.48 kg/ha 


(4 1b/A) of pyrazon plus 9.35 1/ha (1 US gal/A) of Sun Oil 1IE. This 
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was confirmed by Dexter and Smith (1969). Miller and Nalewaja (1970, 
1973) found that, 2.34 l/ha (1 US qt/A) of linseed oil as an additive 
to phenmedipham was more effective than 2.34 l/ha (1 US qt/A) or 

9.35 l/ha (1 US gal/A) of petroleum oil in controlling foxtail 
(Setarta spp.) and better than either petroleum oil or sunflower oil 
additives in controlling redroot pigweed (Amaranthus retroflexus L.). 
Linseed oil at 9.35 l/ha (1 US gal/A) was less effective than sunflower 
or petroleum oil additives in controlling kochia (Kochta scoparta 
(L.) Schrad.). From the results of greenhouse and field studies 
they concluded that the weed. control obtained from phenmedipham 

with oil additives was influenced by the weed species and type and 
volume of oil. 

Coats and Foy (1971) conducted an experiment to determine if a 
given vegetable oil was a better penetrant aid for atrazine and 
2,4-D in the species of its origin than oils derived from the seed 
of other species. The crops and oils used were corn, peanut, soybean, 
and safflower. They found that no apparent specificity either 
synergistic or antagonistic, existed between the vegetable oils 
tested as penetrant aids for atrazine and the species of their 
origin. Soybean oil was the only oil that appeared to be a better 
penetrant aid for uptake of 2,4-D by soybean than corn, peanut, or 
safflower oil. 

Mitich (1972) recorded the same post-emergence control of 
broadleaf and grass weeds with atrazine applied with 2.34 l/ha 
(1 US qt/A) of linseed oil as with 9.35 l1/ha (1 US gal/A) of 
Sunoco Superior Spray Oil 11E. McGlamery and Slife (1973) found 


that the use of linseed oil increased the giant foxtail and velvetleaf 
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(Abuttilon theophrastt Medic.) control with both atrazine and 2-chloro- 
4—(1-cyano-1-methylethylamino)-6-ethylamino-s-triazine eer Ey 
Stahlman and Messersmith (1973) using a linseed oil additive at 2.34 
l/ha (1 US gal/A) with the dimethylamine salt formulation of 2,4-D 
increased control of redroot pigweed by 28% over 2,4-D alone. They 
also found that linseed oil additives reduced spray drift of the 
dimethylamine formulation by 23-42%. Warrington and Corns (1974) 
using rapeseed oil as an additive to the dimethylamine salt formula- 
tion of 2,4-D reduced numbers of Tartary buckwheat (Fagopyrum 
tataritcum (L.) Gaertn.) plants by 90% compared with those remaining 
after treatment with 2,4-D alone. 

Addink and Nalewaja (1972) studied the effect of additives on. 
dicamba. Using leafy spurge (Huphorbia esula L.), they found the 
order of Tecan wand absorption with additives: linseed oil and 
saponified linseed oil > petroleum oil and Tronic > diesel oil and 
X-77. Absorption of Ac-dicamba was 40% more when applied with 
linseed oil than with diesel oil. 

About 1970 Rancher Products, Minneapolis first marketed a 
product called 'Bio-Veg', an emulsifiable biodegradable vegetable oil, 
to be used with water as a supplemental carrier to atrazine 80W 
herbicide. It was 94.5% linseed oil and 5.5% emulsifier (Bio-Veg, 
1971). This product has been tested as an adres with other 
herbicides besides atrazine. Dexter (1972) using Bio-Veg at 2.34 
1/ha (1 US qt/A) with various herbicides found that addition of the 
oil increased the control of prostrate pigweed (Amaranthus graectzans 
L.) and common lambsquarters (Chenopodium albwn L.) without 


influencing sugar beet stand or yield. Nalewaja (1972a) and (Nalewaja 
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et al., 1973) found that the addition of oil increased the phyto- 
toxicity of cyanazine four times, that is, 2.24 kg/ha (2 lb/A) alone 
was equal to 0.56 kg/ha (0.5 1b/A) with an oil additive. Linseed 
oil (Bio-Veg) as an additive generally tended to increase the phyto- 
toxicity of cyanazine more than petroleum oil. Nalewaja et al. 
-(1974a) confirmed this with a different preparation of linseed oil. 
Nalewaja (1972b) found that oil additives generally increased redroot 
pigweed control with bentazon and that linseed oil (Bio-Veg) 
increased phytotoxicity of bentazon more than petroleum oil. Nalewaja 
et al. (1974b) confirmed this experiment also using a different 
preparation of linseed oil. 

Oil from rapeseed was used in one experiment as an additive to 
atrazine in Puerto Rico (Almodovar-Vega and Ilnicki, 1972). They 
were comparing paraffinic oils with oil from rape, groundnut, sunflower, 
linseed, safflower, cotton, soybean, and maize. The vegetable oil prep- 
arations consisted of one~eighth vegetable oil plus seven-eighths No. 11 
paraffinic: oil. . Linseed’ and’ cottonseed oils at 4.68 l/ha (0.5 
US gal/A) plus atrazine at 0.84 kg/ha (0.75 1b/A) effected 95~100% 
erass control. All other ofls except soybean oil resulted in 85-94% 
control when applied with 0.84 kg/ha (0.75 1b/A) atrazine. 

The foregoing literature review indicates that prior to the present 
work there has been scarcely any research involving rapeseed oil-water 
emulsion carrier for herbicides. Consideration of the favourable 
Western Canadian and Alberta conditions for the production of rapeseed 
and the potential benefits from a successful, additional use of its’ 


oil with herbicides motivated the research reported in this thesis. 
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I. LABORATORY EXPERIMENTS 


A. Materials and Methods 


1. Comparison of various emulsifiers. 
la. Emulsifiers with oil and water 
Procedure I. Varying amounts of different surfactants 

and emulsifiers were tested for their ability to emulsify rapeseed 
oidmatythemrate of 5.62 1/ha’ (0.5 Imp gal/A) or 11.23 1/ha (1.0 Imp 
galj/A) in a total’ volume of 134.8 Una (12 Imp gal/A) made up with 
distilled water. The products included in these tests with rapeseed 
oil are listed in Table l. 

A total mixture of 50 ml (representing 134.8 1/ha) was formed 
by placing 2.1 ml (representing 5.62 1/ha) or 4.15 ml (representing 
iVe23 1 / ne) of rapeseed oll plus 025 mi G1Z) or 1.0 cex(2Z) surfactant 
into a 95 ml test tube. Sufficient distilled water was added to 
bring the total volume up to 50 ml. The liquid surfactants were 
added by percent volume by volume (v/v) of the total and powdered 
surfactants by percent weight by volume (w/v) of the total. The 
mixture was shaken by hand for one minute. The test tube was 
stoppered and placed in a test tube rack. Observations were made 
on the apparent homogeneity and the stability of the emulsion 
relative to the differences in length of time before phase 
separation became conspicuous. 

Procedure II. This procedure involved more intensive comparisons 
of certain of the apparently superior emulsifiers used in Procedure I. 

Emulsifier concentrations used were 2.5%, 5%, and 10% v/v of 
the oil. Soap was added w/v. The oil was used at 11.23 1/ha (1 Imp 


gal/A) in a 112.33 1/ha (10 Imp gal/A) total preparation. In all 
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Table 1. List of products tested in order to emulsify rapeseed 


oil injiwater 


Product 


Atlox 209 
Atliox 210 
Atplus 411F 
Atplus 526 
cD 161 
Renex 25 
Renex 35 
Renex 36 


Tween 20 


Ivory Liquid Dish Detergent 


Ivory Snow Soap Powder 

Lux Pure Soap 

Nu-Film P 

Sparkleen Laboratory Detergent 


Sponto AL69-66 


Triton B-1956 


Triton XA 
Triton X-114 
Triton X-207 
Triton X-363M 


Wex 


Source 


Atlas Chemical Industries 
Ganada ;) Ltd. 
Brantford, Ontario 


Proctor and Gamble Company 
of Canada, Ltd, 


Lever Brothers, Toronto 
Green Cross Products, Montreal 
Richer Ssctentitie.€o., Pittsburg 


Witco Chemical Corporation, 
New York 


Chipman Chemicals Ltd., Montreal 


Rohm and Haas Company, Philadelphia 


Conklin Company Inc,, Shakopee, 
Minnesota 
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cases except with soap powder, in order to achieve maximum stability 
of the preparation, the emulsifier was mixed with the oil ay 
water was added. A 50 ml mixture was made up in small plastic 
bottles (75ml) with screw caps. The bottles were placed on a shaker 
(React-R-Shaker) for one minute. The contents of the bottles were 
then poured into 50 ml graduated cylinders. Observations of foaming 
and stability of the emulsion were made over a half hour period. 
Comparisons were also made i AE iO the ease with which the 
separated oil could be re-emulsified by shaking. This experiment 
was replicated three times. 
lb. -Emulsifiers with oil, water, and herbicides 
This experiment was conducted in the same manner as. 
described in Procedure I. Emulsifiers Triton X-207 and Triton X-363M 
were used at SA-v7v of ollswhich wastat 11.23 l/ha in 134.8 l/ha total 
preparation. Herbicides used in proportions equivalent to half 
recommended field rates were: 
4-—chloro-2-butynyl m-chlorocarbanilate (barban) 0.18 kg/ha 
(2.5 07/2) 
dimethylamine salt of (2,4-dichlorophenoxy) acetic acid 
(2,4-D amine) 0.35 kg/ha (5 oz/A) 
butoxyethanol ester of (2,4-dichlorophenoxy) acetic acid 
(2,4-D ester) 0.35 kg/ha (5 oz/A) 
2,2-dichloropropionic acid (dalapon) 0.56 kg/ha (0.5 1b/A) 
trichloroacetic acid (TCA) 0.56 kg/ha (0.5 1b/A) 
In all cases the emulsifiers were added to the oil and the 
herbicides were added to water before the water and oil were 


emulsified. Observations were made on the stability of the oil- 
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21 
water emulsion relative to the differences in length of time before 
phase separation became conspicuous in preparations with and without 
added herbicide. 

le. Efficacy of various concentrations of the selected 
emulsifier Triton X-363M 
This experiment was performed in a manner similar to 
that used in Procedure I. Rapeseed oil was used at 11.23 1/ha in 
total mixtures of 67.2 1/ha (6 Imp gal/A) and 134.8 1/ha (12 Imp | 
galjA).’ Emulsitier concentrations were 1,2,3, ... up to 202 v/v 
Omptne: OL Ll: 
Observations were made regarding the stability of the emulsion. 
2. Microscopic examination of leaves treated with herbicide, 

oil, and emulsifier. 

Tartary Buckwheat plants used as the test species were grown 
in the greenhouse for one month. They were then put under drier conditions 
for two days to help form a thicker cuticle. Plants were sprayed with 
0.35 kg/ha (5 oz/A) of the dimethylamine salt formulation of 2,4-D in 
water, 2,4-D pune in water with Triton X-363M emulsifier added, or 
2,4-D amine in a rapeseed oil-water emulsion carrier. Also some were 
sprayed with 0.35 kg/ha of the butoxyethanol ester of 2,4-D in water. 
Four hours after spraying, when epinasty had commenced, leaves of these 
plants were examined under a reflecting light microscope mounted with a 
camera. Plants were also observed 48 hours after spraying. 


B. Results, Discussion, and Conclusions 


1. Comparison of various emulsifiers. 
la. Emulsifiers with oil and water 


Procedure I. On the basis of the many trials involving 


observations made over periods of time varying from 10 minutes to 
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24 hours all except 4 surfactants were eliminated as being unsatisfactory 
for use in emulsifying rapeseed oil in water. Several of these 
products, however, are known to be effective for use in other types 
of preparations not requiring mixture of oil and emulsifier as the 
first step. The four surfactants selected for the comparisons by 
Procedure II were Ivory Snow Soap Powder, Atplus 526, Triton X-207 
and Triton X~363M. 

Procedure II. The results obtained using the foregoing four 
emulsifiers are shown in Table 2. 

Soap powder was least satisfactory for several reasons. First 
there was the problem of mixing. The soap powder had to be mixed 
in water first before oil could be added. Unless the soap powder 
was fully dissolved the emulsion was poor. Second there was excessive 
foaming upon shaking. Third at the higher concentrations the soap 
caused the,mixture to become very viscous. 

Results from the other three emulsifiers were more satisfactory 
and similar to each other but had certain differences. Triton X~363M 
foamed most, although the foam died down rapidly, and Triton X-207 
foamed least, almost not at all. Triton X-207 and Atplus 526 were 
the most effective at higher concentrations but Triton X-363M was 
best at the lower concentrations. Consequently Triton X-363M was 
selected for use in subsequent experiments because of its 
emulsifying abilities at low concentrations and because it was less 
viscous than the other two emulsifiers, thus making it easier to work 
with. Triton X-207 and Atplus 526 adhered to glassware much more 
than Triton X-363M. Oil containing any of these three emulsifiers 


was easily re-emulsified after separation had occurred. 
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lb. Emulsifiers with oil, water, and herbicides 


Results are summarized as follows: 


Time before phase separation 


Triton X-207 + oil became conspicuous (min.) 
no herbicide 30 
barban | | ) 
2,4-D amine v3) 
2,4-D ester > 
dalapon NS) 
TCA 15 
Time before phase separation 
Triton X-363M + oil became conspicuous (min.) 
no herbicide 30 
barban 10 
2,4-D amine 10 
24D, eeber 10 
dalapon . 5 
TCA 10 


The above results indicate that in general the herbicides used 
did not adversely affect the stability of the emulsion formed using 
Triton X-363M as much as they aid when Triton X-207 was the 
emulsifier. 
lc. Efficacy of various concentrations of the selected 
emulsifier Triton X-363M 
There was no difference between the results from use 
of 11.23 1/ha rapeseed oil in 67.2 1/ha total volume compared with 
134.8 l/ha total preparation with regard to the stability of the 


emulsion. There was a gradual increase in stability of the 
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emulsion up to 5% v/v of the oil then it levelled off. There was little ; 
difference between 5% and 102 bur over 10% the emulsion was unstable and 
the oil separated out in only a short time. Thus there was an optimum 
range of emulsifier concentration between 5 and 10%. Any concentration 
less than 5% or greater than 10% did not produce as stable an emulsion. 
It was concluded that 5% was the lowest concentration of emulsifier that 
would give the greatest stability of emulsion. Thus Triton X-363M 
emulsifier was used at 5% v/v of the oil in the remaining studies. 

2. aitiicroseopic examination of leaves treated with herbicide, 

oil, and emulsifier. 
After four hours no droplets of water could be detected 

on the leaves sprayed with 2,4-D amine in water or in water containing 
emulsifier or with 2,4-D ester in water. There were no visible 
differences between leaves sprayed with any of these treatments and 
a control leaf even under 220% Magiieieation (Pigs. 1, 2,13, jand 4). 
Under 65X i Ceca oil droplets from the 2,4-D amine sprayed 
in rapeseed oil-water enmeaen carrier were clearly visible. The 
droplets had spread to cover large areas of the leaf surface 
(Fig.:5). This wetting and spreading action of the oil, probably 
serves to distribute the herbicide more uniformly. On leaves sprayed 
48 hours previously, oil droplets were*still visible. The oil 
seemed to have bonded the herbicide to the leaf surface. It can 
probably be assumed that there is less evaporation of herbicide 
from the oil-water emulsion than that sprayed in a water carrier. 


Therefore the herbicide would be maintained for a longer period of 


time allowing for greater uptake by the leaf. 
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Figure l. 


Tartary buckwheat 


microscope at 65X 


leaf observed under reflecting light 


magnification. (No treatment). 
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Figure 2. Tartary buckwheat leaf 4 hours after spraying with 2,4-D 


amine in water. (65X). Note absence of water droplets. 
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Figure 3. 


Tartary buckwheat leaf 4 hours after spraying with 


2,4-D amine plus emulsifier in water. (65X). Note 


absence of water droplets. 
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Figure 4. 


Tartary buckwheat leaf 4 hours after spraying with 2,4-D 


ester in water. (65X). Note absence of water droplets. 
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Figure 5. 


Tartary buckwheat leaf 4 hours after spraying with 2,4-D 
amine in oil-water emulsion carrier. (65X). Note 
presence of oil droplets which have spread to cover large 


aceaswvoimene: Lea surLtace. 
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Similar results were found by Saunders and Lonnecker (1969) 
using a light mineral oil. With the aid of time-lapse motion picture 
photography, they found that the spray droplet containing oil had 
spread rapidly to cover an area 10 to 20 times that produced by a 
water droplet of the same size. They also found that the oil 
stayed on the surface of the plant for about seven days. The 
herbicide containing oil film remained long enough to give good 
weed control but not so long that it suppressed crop growth. 

Also in the present study it could be seen from the microscopic 
examination, at 110X and 220X magnification that the oil had 
dissolved or solubilized part of the cuticle layer of the leaf. 

The waxy cuticular ridges were flattened and a relatively flat area 
was visible under the oil droplet (Fig. 6). This solubilizing 
action of oil on plant ete eaie has also been reported by Foy (1964), 
Bandeen (1969), Caseley (1970), and McGlamery (1971). 

In summary, the rapeseed oil-water emulsion carrier aided in 
wetting and spreading of the herbicide on the leaves and it seems 
safe to conclude that the dissolving or softening of the cuticle 


increased penetration of the herbicide. 
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Figure 6. Tartary buckwheat leaf 2 days after spraying with 2,4-D 
amine in oil-water emulsion carrier. (220X). Note area 
where cuticular ridges are flattened by the dissolving or 


softening action of the oil. 
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IL. GROWTH CHAMBER AND GREENHOUSE EXPERIMENTS 


l. General procedures. 

General procedures applicable to the ensuing series of 
growth chamber and greenhouse experiments conducted during 1973 
and 1974 were as follows. Any exceptions will be noted in the 
materials and methods for the individual experiments. Plastic 
pots 15 cm (6 in) in diameter were filled with 3:2:1 (loam:peat: 
sand) soil mixture to within 3 cm of the top. Depressions for 
seeds were made to a depth of 1 cm. The seeds were placed in the 
depressions and covered with about 1.5 em of fine soil. Sufficient 
numbers were used to permit early thinning of seedlings in order 
to have the same number per pot. The pots were then placed in the 
growth chamber or the greenhouse. 

Most of the experiments were performed in a growth chamber 
with temperature between 1SSER(55° Fi ands2d26. 470° FS chumidity 
between 45% and 60%, light intensity 24748 - 25824 lux (2300 - 
2400 footcandles) and light duration of 16 hours (7 a.m. - 11 p.m.) 
daily. The pots were watered once a day and a liquid fertilizer 
(15-30-15) added once a month. 

The greenhouse experiments were performed with a temperature 
of about 19°C (65°F), light intensity between 10670 - 17072 lux 
(1000 - 1600 footcandles) and light duration of 14 hours (8 a.m. - 
10 p.m.) daily. The pots were watered twice daily and a liquid 
fertilizer (20-20-20) was added once a week. 

Sprays were applied from a bottle attached to a sprayer head 


and an aerosol bomb type container. When the plants were sprayed, 


ao 


ere ey ath the : 
’ an i 
j ny) Berries alge aie ae ob: og? a ci 
ry ode ; Pas aphectg wae 
j | ssi 7 
1k. Bits aero qi 
ent <a SET: etey sehen eit, ep r se) us ie 2. ‘sa 
Ube sags 30: ke use: ‘nati bbe Myre it 
og 4 eh aget rig: ap. Sasnadss viske ‘iad 98 oe 
ate 6) Raat dae ey ray: he amet sie Peden oi 
2 ka i ‘i aes eer a oul 
: ‘sqcmaly Sysiong ot- why Iida esp ies ade ho See 
2 - % : “ f a : 7 ; ny 
een | ae AF VO, ag de teeny per, iaend goes 
2 q i ls 


‘ee 


. cor th aga RSs de vat ibe aed. re’ 0b has F r 
{ a0 ty ay we i) say asi 24 prea Sekt oe tba an 


Ph ~ io ‘) ar 1 
= eo? bid, psd ; Sipe caf lat eee % a biegew aki as ‘ont a : 
| re “a Z at A Sane bebin Carmtoany: | 


i‘ artes boris % ‘asia Gai -— ‘ae Si «pes dale | euedenes, oat | i‘ a 
ae Pi?) aie Ls Ps 
ha tig Ft) - gia | oad » Maal fsa of saved ie fi 
A a. id oi Fi if my Re ih cao 8 Bile pnd erste: i I wt oeath 
i eT ; ‘whiky: a ae meri oe So See aed oat de hi, (meg OE | 
: : i ed 7 san | Ble: ne phys | 1b Re aor (igeis~< ey 5 oe oF rasak 


” fps ‘yee F 608 Bedonali nt Ae yy i *) wart part ge sa : i ogengit 


re ene totals i eis any ee 3 Seay wi, ae 


: oa a ; Lz r 4 hk ; 
- >. eel! a ) q 4 ae | if ; -_ a : 
: : \ { - Es a to wade . = ; - 
By P aol ni - Cee Oe, 4 i , Aer are, 


34 


the pots for each treatment were placed in an area 0.37 me (4 eo 
outside the growth chamber. Watering was withheld for at oe 16 
hours after spraying. In most experiments observations were made 
every week until harvest time. Harvest data consisted of plant 
dry weight of top growth per pot as well as average plant height. 
In some cases a plant or culm count was made. Such counts are 
recorded in the relevant tabulation of results. 

2. Tolerance of rapeseed to emulsifiers.. 

In this experiment. Triton X-207 and Triton X-363M emulsifiers 
were used at the rate of 0.4% v/v in a 134.8 l/ha.(12 Imp gal/A) 
mixture... The amount of emulsifier was proportional to that 
necessary to emulsify 11.23 1/ha (1 Imp gal/A) of rapeseed oil. 

On March 20, rape seeds (Brasstca campestris (L.) var. Span) were 
planted following the general procedure. Rapeseed plants were 
sprayed on,April 3 when they were in the 2-3 leaf stage. Treatments 
were replicated 3 times. Plants were harvested on April 24. 
3. Comparison of effects of different fractions of rapeseed 
oil on wild oats and various crop species. 

In this experiment four fractions of rapeseed oil supplied 
by Western Canadian Seed Processors Ltd., Lethbridge, (now Canbra 
Foods Ltd.), were used. The properties of these oils are summarized 
in Table 3. 

3a. Wild oats and rapeseed 
Two experiments using wild oats (Avena fatua L.) 
and Span rapeseed were performed. One had soap powder as the 
emulsifier at a rate of 0.5% w/v of the total mixture and the other 


involved Triton X-363¢M at 5% v/v of the oil. The oils were sprayed 
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abt 5.6281) har .Selmpyecal/A) and 14423 0i¢ha (L.00Imp galk/A).inta 
total preparation of 134.8 l/ha (12 Imp gal/A). | 

3a-l1. The first experiment, in which soap powder was 
used as the emulsifier, was planted on February 6 following the 
general procedure. On February 19 the pots were sprayed when the 
rapeseed plants were in the 2-3 leaf stage 7.8 em (3 in.) tall. The 
Wild oOatesweretin £he 2ehéafestage 29 :cemi(7s50in.) talli «Plants 
were harvested on March 9. | 

| 3a-2. The experiment using Triton X~363M as the 

emulsifier was planted on March 22 and sprayed on April 4 when both 
rapeseed and wild oats were in the 2-leaf stage. Plants were 
harvested on May 2. 

3b. Wheat, common buckwheat, oats, rapeseed, barley, and 

faba beans 

1 This experiment included wheat (Tritteun vulgare, 
Vill.), common buckwheat (Fagopyrun esculentum, Moench), oats 
(Avena sattva, L.), rapeseed, barley (Hordeum vulgare, L.), and 
faba beans (Victa faba, L.) as the test species. Triton X-363M 
was the emulsifier and only the 11.23 l/ha rate of the various 
fractions of oil was used. Treatments were replicated 4 times. 

Thatcher wheat, Tokyo buckwheat, and Rodney oats were planted 

on January 29. The wheat and oats were thinned to 10 plants per 
pot and the buckwheat to 5 plants per pot on February 18. Plants 
were sprayed on February 19. The buckwheat was in the 2-3 leaf 
stage and the oats and wheat were both in the 4-leaf stage. 


Plants were harvested on March 29. The number of culms of wheat and 


; ae 
oats per pot were recorded as well as the dry weight and height. 
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Only the height was recorded for the common buckwheat as the plants 
were suffering from a disease. 7 

Span rapeseed, Conquest barley, and Diana faba beans were 
planted on April 5. The rapeseed and barley were thinned to 16 
plants per pot and faba beans to 5 plants per pot. Plants were 
sprayed on April 23. The rapeseed was in the 3-5 leaf stage, the 
‘faba beans in the 2-4 leaf stage. Plants were harvested on July 8. 
No data became available for rapeseed because on June 5 it had to be 
discarded as a result of an infestation of aphids. 

4, Extended comparisons of effects of crude rapeseed oil on 

barley, wheat, faba bean, and rapeseed plants. 

Conquest barley, Thatcher wheat, Diana faba bean, and Span 
rape seeds were planted on April 5 following general procedures. 
Rapeseed, barley, and wheat were thinned to 16 plants per pot and 
faba beans to 5 plants per pot on April 10. Crude rapeseed oil was 
sprayed on April 23 at rates of 22.46 1l/ha (2 Imp eal): and 56.16 
L/ha (5 Imp) gal/A)- ain avdi2.383 1l/ha {10 Imp.gal/A) total mixture 
and 112.33 1/ha (10 Imp gal/A) of rapeseed oil in a 280.82 l/ha 
(25 Imp gal/A) total mixture. In all cases emulsifier Triton X-363M 
was used at 5% v/v of the oil. All treatments were replicated 4 


times. Wheat plants were sulphur dusted on April 30 to control an 


fhe f 


infection of powdery mildew (Erystphe granints var. trttiet) which 
occurred after the oil treatments. Rapeseed was harvested on June 5, 
faba beans on June 27, barley and wheat on July &. 
5. Herbicide treatments with and without rapeseed oil additive. 
5a. 2,4-D amine and 2,4-D ester on Thatcher wheat and 


Tartary buckwheat 
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Two experiments were performed using 2,4-D amine and 

2,4-D ester. One had soap powder as-the emulsifier at a rate of 0.5% 
w/v of the total mixture and the other had Triton X-363M at 5% v/v 
of the oil. Thatcher wheat and Tartary buckwheat plants were sprayed 
in the 2-3 leaf stage with the dimethylamine salt of 2,4-D at 
0335. ke/ha’{5" 0z/A) with and without raneseed oil and with 0.17 kg/ha 
(2.5 oz/A) of the butoxyethanol ester of 2,4-D. The rapeseed oil 
was added ata rate or. 11.23 t/na ina’ 184.6°-1/na total preparation. 
Treatments were replicated 3 times. The number of surviving Tartary 
buckwheat plants was recorded at harvest time. 

5a-1. The first experiment in which soap powder was used 
as the emulsifier was planted on February 22 and sprayed on March 8. 
Plants were harvested on April 6. 

5a-2. The experiment using Triton K-363M as the emulsifier 
was planted on May 2 and sprayed on May 22. Plants were harvested 
on July 16) 

5D. = 12,460 amine on’ Tartary buckwheat 

Tartary buckwheat was planted October 18 and was 

thinned to 15 plants per pot on October 29. Plants were sprayed on 
November 8 at the 2-3 leaf stage with 0.28 kg/ha (4 oz/A) of 2,4-D 
amine. Rapeseed oil was added ae 2,81 /na’ (0.25) imp ‘¢al/A) and 
11523" na-tis0 Gop ear/Ay in-ah345e" tyne ‘total préparation. 
Treatments were replicated 5 times in a Latin square design 
experiment. Tartary buckwheat was harvested on November 27. 
rapeseed, and wild oats 


5c. Barban on wheat, 


A series of three experiments was established to 


determine the effect of rapeseed oil added to 4-chloro-2—butynyl m- 
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39 
chlorocarbanilate (barban) sprays on wheat, rapeseed, and wild oats. 
Barban was sprayed at 0.17 kg/ha (2.5 oz/A) with and without added 
rapeseed oil at 11.23 1/ha (1 Imp gal/A) in a total preparation of 
134.8 1l/ha (12 Imp gal/A). Treatments were replicated 3 times in the 
first 2 experiments and 5 times in the last experiment. 

Serie In the first experiment using soap powder as the 
emulsifier Thatcher wheat, Span rapeseed, and wild oats were planted 
on February 6. Pots were thinned to 20 plants on February 15. On 
February 19 wheat in the 3-leaf stage, rapeseed in the 2-3 leaf stage, 
and wild oats in the 2-leaf stage were sprayed with barban. Plants 
were harvested on March 28. 

5e-2. In the second experiment using Triton X-363M as the 
emulsifier wheat and wild oats were planted March 16. Both species 
were in the 2-leaf stage when sprayed on March 27. Plants were 
harvested on May 3. The number of surviving culms per pot was 
recorded. - 

5e-3. In another experiment using Triton X-363M emulsifier 
wild oats were planted on November 20. On December 2, wild oat 
plants were sprayed at 2. leaf stage with barban 0.17 kg/ha with 
rapeseed oil added at rates of 2,81 1/ha (0.25 Imp gal/A) and 11.23 
Ifjhap (420simpreal/A)vinea 134.8 1/ha total preparation. Treatments 
were replicated 5 times in a Latin square design experiment. Plants 
were harvested on February 3 when heads had appeared in the control 
treatment. The number of surviving wild oat plants per pot was 
recorded. 

Dalapon and TCA on green foxtail, rapeseed, and barley 


“5a: 


A series of four experiments was established to determine 
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the effects of 2,2-dichloropropionic acid (dalapon) and trichloroacetic 
acid (TCA) with added rapeseed oil on green foxtail (Setarta viridis 
(L.) Beauv.), rapeseed, and barley. 
In the first two experiments the same rates of dalapon, 0.56 ears 

(0.5 1b/A), and TCA, 0.56 kg/ha, were used with and without added 
rapeseed oil at 11.23 l/ha (1.0 Imp gal/A) in a total preparation of 
134.8 l/ha. Treatments were replicated 3 times. ee crop species 
used were rapeseed and barley. It is well known that TCA is 
recommended for use in rapeseed and barley but dalapon is only 
recommended for use in rapeseed. However, dalapon was also used on 
barley in these experiments to determine if there would be any 
additional effect with rapeseed oil added to dalapon. 

5d-1. In one experiment, using soap powder as the 
emulsifier, Span rapeseed, Husky barley, and green foxtail were 
planted on March 1. Plants were sprayed on March 12 when all 
species were in the 2-3 leaf stage. The plants were harvested on 
April 10. 

5d-2. In the second experiment, using Triton X-363M as 
the emulsifier, the same species were planted on April 13. Plants 
were sprayed on April 25 ee all species were in the 2-3 leaf stage. 
The plants were harvested on June 1. 

5d-3. In the next experiment only green foxtail and 
Conquest barley were planted on June 7. Plants were sprayed with 
dalapon at.0.74 kg/ha (0.66 1b/A) and TCA at 1.12 kg/ha with and 
without rapeseed oil at 11.23 1/ha when both species were in the 
2-leaf stage on June 18. The rate of dalapon was increased to 


0.74 kg/ha to determine if there could be complete kill of green 


7 
‘ 
t 
H } ay 
A ; ee 
' ey fa Mua 
THe: 
i 
aD | c 
2 
4 
iM 
oo 
yi ©) 
oe 
«uae 4 - 
De ENS ye 


i Luarw ‘snods “94. wad aepbel) es * cnaminernen onda ae 


ik 
; ca ja 
Vey i a! 
Tins iw 
i s 
Ue | arr 


fev $f hag aie dae hie a aes” eh fn 


Me Ni Ore as 5 Nan yi oa Gt sate | 


aa yaa Fett ne AY tq ogi wi ma!" esal¢ tumb~s 7 
ee Pigs Pas ti ae” ay 


» cme aid gta tat 


7 Cs aed 2 aie we rh teas wins SD 
iy ne ty apes it ge gh 2 0 /anGting.: \eae 
ti lowe age CANg. hag ci tye Oy ER | hs 
eer 5 dation iearamenenle aN 


ry om ve 
+ cehsnst Kiem aren, < ane: reer | 
; eR ieee bonnets, cheep es) a 


wa oe 


ee ee crane Nip, pele wi 6 


yea 
-_ 


: : ~ i i 


Coe een es, x sukeqon soap citi 
eV al qaem, ge py , *othirwnaiey eigen wish ea 
‘kav (tb isin veins (ives ‘aut “7 

of wiry 


Va. 1% e 23 i, ake 7 


ames ots \\ lor oka fest. mae sted : | - * 


; Jia (7 a AT weabs vif; Cys a erg F aay nous we < i he s 


Reg he Mi endey a3 3 pant iad ia alent vain om og 
; 2 ‘ " ‘ ye 
rt sty 


3. Of 9 ghia ob ee dated ny bowen wes a 


fi us : ; 
I ety Hi ale avi Wi ete, Bemeg oar : ; 


= 
a 
_ 


ay oe [alee 10, a os eis oil *e vi th rn te 
a ereadel tier at yageht, aie. ted tad  ieswpue): ya 
b Be , fA ane Rot Ce en sé wombat 


bovyaseue Pal s Wy) Ws Rese fI> t4 _— ern 


i Gk 
aayit, FP Wrii4) «7? . es of aa yi, 
: od : : - ee a 
i - 7 t ) » y = 15 ‘ 


Al 


foxtail when oil was added. The rate of TCA was increased to 1,12 
kg/ha because the lower rate did not effect very good control of the 
green foxtail. Triton X-363M was used as the emulsifier. Treatments 
were replicated 6 times on the green foxtail but only 3 times on 
the barley. Plants were harvested on August 2. 

5d-4. The fourth $e tiieaehde planted on October 16 using 
only green foxtail. Plants were sprayed on October 29 in the 2-3 leaf 
stage about 5 cm'tall. The rate of dalapon used was 0.45 kg/ha 
(0.4 1b/A) and the rate of TCA 1.4 kg/ha (1.25 1b/A). Rapeseed oil 
was added to dalapon at 2.81 1/ha (0.25 Imp gal/A) and 11.23 1/ha 
LiROMtmoteal/A) and to TCA vat, 11.23 aifha. te eee were replicated 
4 times. Plants were harvested on November 19. 

5e. MCPA amine on Tartary buckwheat, wheat, and hemp cee 

A series of four experiments was established to study 

the effect of rapeseed oil added to the dimethylamine salt of 2-methyl- 
gen LabeoHeabepAckive acid (MCPA amine) on Tartary buckwheat, wheat, 
and hemp nettle (Galsencte tetrahit L.). Hemp nettle seeds were 
soaked in a solution of 500 ppm of gibberellic acid for 22-24 hours 
before planting. 

5e-l. In the first experiment Tartary buckwheat and Thatcher 
wheat were planted on October 30. Plants were sprayed on November 20 
with 0.35 kg/ha (5 oz/A) of MCPA amine with and without added rapeseed 
oil when both species were in the 3-4 leaf stage. Another treatment 
added for comparison was 0.35 kg/ha of MCPA plus 0.14 kg/ha (2 0z/A) 
of 3-(3,4-dichlorophenyl)-l-methoxy-l-methylurea (linuron). This is 
proportional to the recommended field treatment. Treatments were 


replicated 4 times. Plants were harvested on January 7. 


oh oy sai ‘a he Be idk ag 
“ey 7 roa rape | aay aia DHE: my. iy dy: 
eJueo oe ere nee SLY > aha op we! meee foi iol 
ol costs e Viad Jen.) da iia y Per rm eh F pererie? 


-f * ft 


es eek 2h ea iad aad he, “ 43 


- 
v 


paea 
ie ti hernwly LEM wv ni away! ‘ben sy ee ny 


rt 


wf ik edz: ab Oe a5eep 90 iD béleaecatad Kelattt srhgyeok a 
Te aro ba TOILED. 44 sak oth aisrer't's 
pa CAVED CELE): wala Oy ior & ie soit bey ica YUNA 


rat 


agi tft hee age TS. ay ehh | ba. 1 ug “on 
: ro) a G5 SS es ee 7—s % aS ae da aie ‘ay at CANE 
. me rwtyoven se hiss ante a oan winel® 


PB prs a x = i - ant rpg Ce LALE pica. pw sap. tibia es mall 


M fea Tis 


, 


23 j ita ae a $eB ‘ype as Seika vied abi tani. “tye “andheww A 
wilt. ‘ bie “as a fa natel tale: haste 8 a 
oo sae iP) us eit VaAr wi ave ee, asin: toe NSU niece 


‘ 


er es ee viaghdgd). ol tian. fant 
yor rs vik tac ptifers ve oe) OFS. dy meh ILos 8 wi besos 9 
’ 7p) aa i ‘ ad Picds | ) 4 hots itl vicinal} 
sed aduiet Cae hea aaa +erint ’ re +0 bis wi ish, faoe- Nc 


& 


= v2 : ‘ 
i a ‘ 4 a 
. h ; S * 


Wi« sedeenlt Ae | eertos ove A357 id He at 7 Stag! ie fon thy 4 somal a 
. = * j A es ae 


fabaveur, hitbo Sets dy tee, Hee oo p - de fA\a~ CP arth e Ju! & daw 
hi ae nal a =a ic 
j ‘ A a a 
Tint ett) if Se) @ opal o hg PS Sti. &a roe be fq divas tan 


; / 
aA BY: ul gee, we meg os 4" r, Te a om iy ans SET inte a Kibo 


a ani seni rome tht eS Sa ir At 7 
= : 7 ; : f ja F 


. ye f 7 > 7f 1 oe eeu a Pk Mbt | ro bey L i) a ai ol MOGO RG: ra 
*. : he “biti ate), oi yea P pets {boule 


: F ’ 7 tio 
ae y uote | arpetty = 


42 


5e-2. In the second experiment Tartary buckwheat, wheat, 
and hemp nettle were planted on December 21. Plants were sprayed on 
January 7 with 0.42 kg/ha (6 oz/A) of MCPA amine with and without 
added rapeseed oil when the wheat was in the 3-leaf stage, the 
Tartary buckwheat in the 3-4 leaf stage and the hemp nettle in the 
2-leaf stage. A treatment of 0.42 ies of MCPA amine plus 0.14 kg/ha 
of linuron was used for comparison. Treatments were replicated 4 
ee. Hemp nettle was harvested February 1, Tartary buckwheat on 
February 25, and wheat on June 5. The number of heads per pot, 
number of seeds per pot,- and seed weight per pot was recorded for 
the wheat. 

5e-3. In the third experiment only hemp nettle was planted 
on April 10. Plants in the 6-leaf stage were sprayed on May 8 beet 
0.42 kg/ha (6 oz/A) of MCPA amine with and without added rapeseed oil. 
Treatments were replicated 4 times. Plants were harvested on June 5 
when the control plants were beginning to flower. 

Se-4. In gia fourth experiment only hemp nettle was 
planted, on November 15. Plants were sprayed on December 6 in the 
2-4 leaf stage with 0.35 kg/ha (5 oz/A) of MCPA amine. Rapeseed 
oil was added at 2.81 i/ha (0.25 Imp gat/A) and 11.23 l/ha (1.0 Imp 
gal/A). Treatments were replicated 5 times in a Latin square design. 
The hemp nettle was harvested on January 6. The percentage of 
original plants killed was calculated. 

5£. Chloroxuron on green foxtail and, faba beans 

Two experiments were established to study the effects 
of the addition of rapeseed oil to 3-[p-(p~chlorophenoxy) phenyl ]- 


1,l-dimethylurea (chloroxuron) on green foxtail and faba beans. 
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5f-1. In the first experiment green foxtail and Diana 
faba beans were planted on February 27. Green foxtail was thinned 
to 20 plants per pot and faba beans to 6 plants per pot. Plants 
were sprayed on March 13 with 1.12 kg/ha (1.0 1b/A) of chloroxuron 
with and without 11.23 l/ha of rapeseed oil. The green foxtail 
plants were in the 3-leaf stage and faba beans in the 2-3 trifoliate 
Stage. Treatments were replicated 4 times, The plants were 
harvested on June 4. (greenhouse) 

5f-2. In the second experiment green foxtail and Diana 
faba beans were planted on June 27. Plants were sprayed on July 9 
when green foxtail was in the 2~3 leaf stage and faba beans in the 
2-trifoliate stage with chloroxuron at 0.84 kg/ha (0.75 1b/A) with 
and without rapeseed oil and chloroxuron at 0.56 kg/ha (0.50 1b/A) 
and 0.28 kg/ha (0«25 1b/A) with rapeseed oil at a rate of 11.23 
l/ha. Treatments were replicated 4 times. Plants were harvested 
on August 14. (growth chamber) 

5a Nitrofen on stinkweed and lamb's quarters 

This experiment using 0.56 kg/ha (8 oz/A) of 2,4- 

dichlorophenyl p-nitrophenyl ether (nitrofen) with and without 
11,23 1/ha (1.0 Imp gal/A) of rapeseed oil was established to attempt 
to confirm results obtained from field experiments with nitrofen. 
On June 28 stinkweed (Thlaspt arvense L.) and lamb's-quarters 
(Chenopodiun albwn L.) were planted after being soaked for 16 hours 
in 500 ppm of gibberellic acid to promote their germination. Plants 
were sprayed on July 19 when stinkweeds were in the 2-4 leaf oe 
and lamb's-quarters in the 2-6 leaf stage. Treatments were replicated 


4 times. Plants were harvested on July 31. 
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5h. Benazolin on cleavers and rapeseed 


Two experiments were established to attempt to confirm 
results obtained in the field with 4-chloro-2-oxo-benzothiazoline-3- 
ylacetic acid (benazolin) with and without rapeseed oil on cleavers 
(Galiun aparine L.) and rapeseed. 

Sh-1l. In the first experiment cleavers and Span rapeseed 
were planted on August 8. Plants were sprayed on August 24 with 
0.42 kg/ha (6 oz/A) of benazolin with and without rapeseed oil at 
11.23 i/ha (1.0 Imp gal/A) and 0.84 ke/ha (12 0oz/A) of benazolin 
when the cleavers were in the first whorl stage and rapeseed was 
in the 3-4 leaf stage. Treatments were replicated 4 times. The 
rapeseed and cleavers were harvested on September 26. 

5h-2. In the second experiment cleavers and Span rapeseed 
were planted on November 14. Rapeseed was thinned to 16 plants per 
pot and cleavers to 17 plants per pot on November 22, Plants were 
sprayed on'November 28 with 0.35 kg/ha (5 0z/A) of benazolin when 
the rapeseed was in the 3-4 leaf stage and cleavers in the 1-2 whorl 
stage. Rapeseed oil was added at 2.81 1/ha (0.25 Imp gal/A) and 
11.23 1/ha (1.0 Imp gal/A). Treatments were replicated 5 times in 
a Latin square design Bea ie Plants were harvested on December 
31. The numbers of surviving cleavers were recorded at harvest time, 


B. Results, Discussion, and Conclusions 


(Note: Topic 1. "General procedures", was completed under 
"Materials and Methods"). 
2s Tolerance of rapeseed to emulsifiers. 

There was no apparent adverse effect of the emulsifiers on 


rapeseed plants. (Table 4). 
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Table 4. Effects of emulsifier sprayed on rapeseed plants. (Means 


of 3replications). 


Average plant Dry weight 
Treatments height (cm) per pot (g) 
Control J2/0 ax LOC tora 
Triton X-207 ideo 2 10.66 a 
Triton X-363M (Bnd 2 10.47 a 


*Means followed by the same letter are not significantly different 


at the 1% level using Duncan's Multiple Range Test (Duncan, 1955). 
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3. Comparison of effects of different fractions of rapeseed 
oil on wild oats and various crop species. 
3a. Wild oats and rapeseed 
The results from the two experiments one using soap 
powder, 3a-l, and the other using Triton X-363M as emulsifier, 
3a-2, were similar so only the data from the Triton X-363M experiment 
are presented here (Table 5). 
There was no significant difference between any of the oil 
treatments and the control. 
3b. Wheat, common buckwheat, oats, rapeseed, barley, 
and faba beans 
There was no significant difference between any of 
the oil treatments and the control for any of the species. Data 
from March 29 and July 8 harvests are shown in Table 6. 

From the three experiments, 3a-1, 3a-2, 3b, using the different 
freertonaver rapeseed oil, it was concluded that none of the fractions 
had any toxic effects on any of the species tested. Also, as in 
Experiment 2, there was no phytotoxic effect of the emulsifier Triton 
X-363M alone on any of the test species. 

It was concluded that because there were no differences among 
the fractions of rapeseed oil, ene crude material being least 
expensive, would be the most logical for use in succeeding experiments. 

4, Extended comparisons of effects of crude rapeseed oil on 

barley, wheat, faba bean, and rapeseed plants. 
There was no significant difference between any of the rates 


of oil and the control at the 1% level using Duncan's Multiple Range 


Test (Table 7), but there was a significant difference at the 52 
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level in dry weight of wheat. The 112.33 l/ha rate of oil may have 
predisposed the wheat to the infection of powdery mildew. Other than 
this possible effect, there was no phytotoxicity of crude rapeseed oil 
applied in volume as great as 112.33 l/ha on the species tested. 
5. Herbicide treatments with and without rapeseed oil additive. 
5a. 2, 4-D amine and 2,4-D ester on Thatcher wheat and 
Tartary buckwheat 
The results from the two experiments, one using soap 
powder, 5a-l, and the other using Triton X-363M as emulsifier, 5a-2, 
were similar. There were no significant differences among any of 
the treatments using 2,4-D amine with and without rapeseed oil 
additive or among any of the treatments using 2,4-D ester with and 
without rapeseed oil additives. Control of Tartary buckwheat was in 
the range of 80-100%. The 2,4-D amine with added oil tended to give 
better control than 2,4-D ester with added oil. It was concluded 
that the rate of 2,4-D amine alone which provided excellent control 
of the weed was sufficiently high that it did not permit improvement 
of effect by additives. Consequently the following experiment 
employed only 0.28 kg/ha of 2,4-D amine instead of 0.35 kg/ha. 
5b. 2,4-D amine on Tartary buckwheat 
Addition of 11.23 1/ha (1 Imp gal/A) of rapeseed oil 
to 2,4-D amine decreased the average number of surviving Tartary 
buckwheat plants by 70% over 2,4-D amine alone and by 60% over 2,4-D 
amine plus emulsifier (Table 8). Thus it was concluded that it was 
not just the emulsifier that increased the phytotoxicity of the 
2,4-D amine. The increase in phytotoxicity was mostly the effect of 


added rapeseed oil. It also appeared that 2.81 1/ha of oil was not 
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Table 8. Effects of rapeseed oil added to 2,4-D amine (0.28 kg/ha) 


on Tartary buckwheat. (Means of 5 replications). 


Tartary Buckwheat (per pot) _ ae 


Average Height Dry Weight Average number 
Treatments (cm) Ke of surviving plants 
Control 17.0 a* Pee AS re 15.0 
2,4-D amine O225b 1L.AOtb 282 
2,4-D amine + emulsifier Gone OP656e 9.2 
2,4-D amine + 
226k Aha oil Dae 0.04 e 9.6 
2,4-D amine + 
Lis2sniyha of1 3.600 Or21°d AB. 6 


*Means followed by the same letter are not significantly different at 


the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 
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enough oil to increase phytotoxicity any more than the increase 
induced by added emulsifier. 

The increase in phytotoxicity of 2,4-D amine with the addition 
of rapeseed oil may be due only to increased penetration of 
herbicide caused by the solubilizing action of the oil on the 
cuticle her of the Tartary buckwheat plant as was noted earlier 
in the microscopic examination of Tartary buckwheat leaves sprayed 
with 2,4-D in an oil-water emulsion (Section 2 of Laboratory 
Experiments). 

Jansen (1964) also found that the phytotoxicity of the tri- 
ethanolamine salt formulation of 2,4-D was greater on soybean 
(Glyectne max (L.) Merr.) when seeiiea in a non-phytotoxic oil than 
in water. 

5c. Barban on wheat, rapeseed, and wild oats 

The results of the first two experiments, 5c-l, 5c-2, were 
similar so only the results of the experiment using Triton X-363M as 
emulsifier are presented here (Table 9). 

Although there were no significant differences between any of 
the barban treatments, there was a trend for bacban with added 
rapeseed oil to decrease dry weight of wild oats more than did 
barban alone (Fig. 7 and 8). 

In the third experiment, 5c-3, the wild oat plants were left for 
a longer time before harvest so some of the plants in the barban 
alone and barban plus emulsifier treatments had recovered and were 
even headed out. There were no plants headed out in the barban plus 
rapeseed oil treatments. Thus in this case there was a significant 


difference between barban alone and barban with added rapeseed oil 
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Figure /7. 


Wheat sprayed with barban (Carbyne) 0.17 kg/ha with and 
without added rapeseed oil. Note no effect of any of the 
barban treatments on the wheat 28 days after spraying 


it at the 2-3 leaf stage. 
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Figure 8. Wild oats sprayed with barban (Carbyne) 0.17 kg/ha with 
and without added rapeseed oil. Note only slight difference 
from barban applied in oil-water emulsion as compared with 
barban in water. Photo 28 days after spraying of wild oats 


at 2-leaf stage. 
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(Table 10). 

On balance the results of the various experiments show a tendency 
for added rapeseed oil to increase the phytotoxicity of barban on 
wild oats. 

Nalewaja (1972) showed that oil additives tended to increase wild 
oat control with barban. The oils he used were Sunoco Superior Spray 
Oil 11E and linseed oil (Bio-Veg). 

5d. Dalapon and TCA on green foxtail, rapeseed, and barley 

In both of the first two experiments, 5d-l, 5d-~2, there 

was no significant difference among the dalapon treatments, although 
there was a tendency for the treatment with rapeseed oil added to 
dalapon to cause better control of green foxtail than dalapon alone or 
dalapon plus emulsifier. None of the dalapon treatments had any 
effect on rapeseed but dalapon with added rapeseed oil or emulsifier, 
especially the soap powder, significantly reduced the dry weight of 
barley (rabies ld Gad 22). 

In the experiment using soap powder as the emulsifier, 5d-l, there 
was a significantly greater reduction of green foxtail dry weight and 
height using TCA with added rapeseed oil than with TCA alone. There 
was no significant effect with any of the TCA treatments on either 
rapeseed or barley (see Table 11). In the experiment using Triton 
X-363M as the emulsifier, 5d-2, there was no significant difference 
among the TCA treatments although there was a slight tendency for 
the treatment with rapeseed oil added to TCA to result in better 
control of green foxtail than from TCA alone (Figs. 9 and 10) 


(Table 12). 
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Table 10. Effect of two rates of rapeseed oil on the phytotoxicity 
ef barbanw{0. 17 ke/ha) to wild oats. (Means of 5 


replications). 


Wild Oats (average per pot) 


Treatments Number of plants Dry weight (g) 
Control ZS 13.89 ax 
Barban ii 9.522 ab 
Barban + emulsifier 10 6.94 b 
Barban 4.2.81 1/ha oil 5 0.95. ¢ 
Barban + 11.23 1/ha oil i 1.36 ¢ 


*Means followed by the same letter are not significantly different 


at the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 
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Figure 9. 
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Barley, rapeseed, and green foxtail 15 days after spraying 
with dalapon 0.56 kg/ha. Note the greater reduction in 
growth of the green foxtail (front row) treated with 
dalapon plus oil than after dalapon alone. Stage of growth 


at spraying time was 2-3 leaf stage for all species. 
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Barley, rapeseed, and green foxtail 15 days after spraying 
with TCA 0.56 kg/ha. Note the greater reduction in growth 
of the green foxtail (front row) treated with TCA plus oil 
than after TCA alone. Growth stages at spraying time were 


the same as for Figure 9. 
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The results of the third experiment, 5d-3, were similar to 
those of experiment 5d-2 both involving Triton X~363M as the- 
emulsifier. There were no Sienifieane differences yet there were 
tendencies for dalapon plus rapeseed oil to cause more reduction 
in dry weight of green foxtail than dalapon alone. There were no 
appreciable ere ee between TCA treatments. Only the dalapon 
plus rapeseed oil treatment adversely affected the barley dry weight. 

The fourth experiment, 5d-4, showed a significant difference 
among both the dalapon treatments and the TCA treatments. In both 
cases herbicide with added rapeseed oil induced better control of 
the green foxtail than herbicide alone au herbicide plus emulsifier 
(Table 13). 

Thus it was concluded from this series of experiments that 
added rapeseed oil did tend to increase the phytotoxicity of dalapon 
atid TCA on green foxtail. (In neither experiment was there any 
effect of the TCA treatments on rapeseed or barley.) 

Nalewaja (1974) has shown an increase in the phytotoxicity of 
TCA with added linseed oil on yellow foxtail (Setarta glauca (L.) 
Beauv.). 

Se. MCPA amine on Tartary buckwheat, wheat, and hemp nettle 
It was concluded fron the first experiment, 5e-1l, that 
MCPA amine with added rapeseed oil was as good as the recommended 
field treatment of a tank mix of MCPA and linuron. MCPA amine with 
added rapeseed oil caused 40% greater reduction in dry weight of 
Tartary buckwheat than did MCPA amine alone or with added emulsifier. 


The addition of rapeseed oil to MCPA appeared to have little effect 


on the wheat (Table 14). 
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Table 13. The effect of Dalapon (0.45 kg/ha) and TCA (1.4 kg/ha), 


with and without added rapeseed oil, on green foxtail 


(Means of 4 replications). 


Treatment 


Control 


Dalapon 
Dalapon + emulsifier 
Dalapon + 2.81 1/ha oil 


Dalapon + Ul. 23.40) pacot) 


TGA 
TCA + emulsifier 


TORE 1 oad / haw oa 


Green Foxtail (average per pot) 


Plant height (cm) 


are 


Pe 


25a 


(S7ap 


iOebe 


OZ ed 


soad 


ied 


me tse 


vod, 


Dry weight (g) 


5ieDO 


5.00 


4.68 


3.62 


3.34 


5.63 


3.56 


De25 


a 


ab 


*Means followed by the same letter are not significantly different 


at the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 
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Table 14. Effects of the addition of rapeseed oil to MCPA amine 
(0.35 kg/ha) on Tartary buckwheat and wheat. (Means of 


4 replications). 


Tartary buckwheat Wheat 


(average per pot) (average per pot) 


Plant height Dry weight Plant height Dry weight 


Treatments (cm) (g) (cm) (g) 

Control 32.5 11.47 a* 8122 8.3l a 
MCPA 13.0 9.64 b 32.8 S.22) a 
MCPA + emulsifier 13:5 9.44 b 32.5 7.55 a 
MOPA NE 23> 7 havord, i460 5.68 ¢c 33.8 7.67 a 


MCPA + 0.14 kg/ha 
linuron SZ 620 6me 34.8 7.04 a 


ca TA 


*Means followed by the same letter are not significantly different at 


the 1% level using Duncan's Multiple Range Test (Duncan, 1955). 


| arene eA 
a LP Sak | Ra 
} A rae, ul bg =“ 
; 1h 0 i 
A eae a4 } ee ia : ul ae 
* eae aa » ae ni ee ot alti, ae A wores 
lo diio) | redems Hiseidrete. iB ea ty ee 20) 


aus 


ba towesiaki aaa 


Te ee ‘apie ey 
& simi) i ek a Avie 


er 7 ~ . b+ heer ee ee ee i mations aru ier tea 


EO 
haute ey ato ae 
oP “ ‘ny f cea’ 

L - bp $l <capreesilinre: pnt wi rr rr 
ee TY - 7 ey (i ieee 
o/b . “O27 
ae , ; XS, | + q i 
é , @ [ F r a; A 4 ie: n¥ . ave. aes setnualoon i 


ip Fs a! 


eee eee a) matt. ys 


3, aye J 
" x». ide oo a 
he A e ic 
pail a 4 teh vee eee rea a) a aera 


tee; is. hi ie? - wenaa ake kot = cow gates mr ent try 


3 
‘ 4 
4 
7 t 
é x 
> \ f ’ 
af J J 
rs ' y 
1 i 
S 
‘ 
a 
= ' 
iN 
on 
c — ‘ 
( 
oo 


65 


In the second experiment, 5e-2, in all cases with the weed species 
MCPA amine with added rapeseed oil had the greatest effect. -MCPA 
amine plus added rapeseed oil caused a 30% greater reduction and dry 
weight of hemp nettle than MCPA amine alone, and a 17% greater 
reduction than MCPA amine plus emulsifier (Fig. 11) or MCPA amine 
plus leon MCPA amine plus added rapeseed oil resulted in a 447% 
greater reduction in dry weight of Tartary buckwheat than MCPA amine 
alone, a 25% greater reduction than MCPA amine plus emulsifier, and 
a 10% greater reduction than the recommended field Eth ae MCPA 
plus linuron. There was no significant difference among any of the 
treatments in the seed production of wheat (Table 15). 

In the third experiment, 5e-3, there were no significant 
differences among any of the treatments although MCPA amine plus 
rapeseed oil tended to give the best control. It was concluded 
that the lack of significance was due to the plants being in a late 
stage, puneametace. when sprayed. 

In the fourth experiment, 5e-4, MCPA amine plus rapeseed oil 
at 11.23 l/ha caused a 60% greater reduction in dry weight and 347 
greater reduction in height of hemp nettle than MCPA amine alone 
and a 53% greater reduction in dry weight and 15% greater reduction 
in height than MCPA amine plus emieieies MCPA amine plus 2.81 l/ha 
of rapeseed oil was not significantly different with respect to plant 
height and dry weight from MCPA amine alone, but did give a much higher 
percentage kill. MCPA amine plus 11.23 1/ha of rapeseed oil gave the 
greatest percentage kill of hemp nettle (Table 16). It was 
concluded from this experiment that 11.23 1/ha of rapeseed oil is 


required to cause a significant increase in the phytotoxicity of 
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Figure 11. Hemp nettle 20 days after spraying with MCPA amine. 0.42 
kg/ha at the 2-leaf stage. Note the greater reduction in 
growth and the presence of adventitious roots for those 
plants treated with MCPA plus oil (right) in contrast with 


those plants treated with MCPA alone (second from left). 
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Table 16. Effects of different rates of rapeseed oil added to MCPA 


amine (0.35 kg/ha) on hemp nettle. 


replications). 


Average 

height 

Control BVA Ah 
MCPA 16.0 
MCPA + emulsifier 12.4 
MCPA + 2.81 1/ha oil L3u8 
MCPRA\+ 14.23 d/hacil| «V0.6 


plant 
(cm) 


ax 


b 


be 


be 


Hemp Nettle 


Plant dry 
weight (g) 


97.63) a 
SS S¥aN)) 
2.96 be 
DAS, Wie 


TAORe 


(Means of 5 


Percent of 
plants killed 


61.4 


*Means followed by the same letter are not significantly different 


at the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 


68 


~~ ‘ 
F oy‘ babes Leo cede ogy Se i, M4 pane ae peta 
\j "Wee Y: Coe tie eyed) AG aut valid “, ‘2 
’ Le nis ie an eateh betaine ee 
Sh 180R past 
- —— —a— We ty ee — oat ufniehanaien meee 
o* ae rar i ees 
lq (gerne, is 
di a ee 
ms ee ig Page) > 
, e ¥ t 7 
a atm! 
RRS i ie ae Parr relune * 
a ae : Td #! we fagl ; 
1 2s ee Chas ; Fe ae Suet. seal 8.5 
(a or Tiel ea Scpy pit “ 
Lali ~~ — —_— Wien oun eee: a * | me 


SPER SAS LIN eae! GA é 
a ; 


’ 2) alae) dee warden oan 


L =4 
a | 
i 4 
) a 
1 
f 
es 
~ “Ie 
t 
. ma 
™ 
" 
"vy, 
| > 
x 
- 4 : 
we 
4 
} 


69 


MCPA amine. 

General conclusions from all MCPA experiments are that the 
addition of rapeseed oil at 11.23 1/ha to MCPA amine significantly 
increased the phytotoxicity of the MCPA amine on Tartary buckwheat 
and hemp nettle and did not reduce MCPA selectivity for weed control 
use in wheat. 

5£. Chloroxuron on green foxtail and faba beans 
In the first experiment, 5f-1l, the addition of 
rapeseed oil to chloroxuron significantly increased the phytotoxicity 
of chloroxuron on green foxtail to cause complete kill. This 
addition of rapeseed oil, however, decreased the selectivity of 
chloroxuron to the extent that aoa the faba beans were also 
katied (CPablesl?): 

In the second experiment, 5f~-2, addition of rapeseed oil to 
0.84 kg/ha of chloroxuron caused a 75% greater reduction in dry 
weight of green foxtail than 0.84 kg/ha of chloroxuron alone and 
a 72% greater reduction than 0.84 kg/ha of chloroxuron plus 
emulsifier (Fig. 12) (Table 18). 

It was concluded from this experiment, 5£-2, that the addition 
of oil to chloroxuron caused significantly greater reduction of dry 
weight of green foxtail, even at 0.28 kg/ha of chloroxuron, than 
followed the use of 0.84 kg/ha of chloroxuron alone or with 
emulsifier. It was only at the 0.28 kg/ha and 0.56 kg/ha rates 
of chloroxuron plus rapeseed oil that the effect on faba beans was 
small enough to be of negligible practical significance. Any 
greater dosage of chloroxuron with rapeseed oil damaged the faba 


beans greatly. 
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Table 17. Effects of chloroxuron (1.12 kg/ha) with added rapeseed oil 


on green foxtail and faba beans. (Means of 4 replications). 
Green Foxtail Faba beans 
(average per pot) (average per pot) 
Number of Plant Dry Plant Dry 
plants height weight height weight 
Pantene Comin cane) (cm) (g) 
Control 15, 26 0ras 1). 6, a 100 Bou) ai: 
Chloroxuron Hi 19.5 a Diol ab 88 43.9 a 


Chloroxuron + 
emulsifier 5 19.0 a Be. omp 90 ADs a) 


Chloroxuron + 
il Beas sel fhe Pacey Ok 0. O20Pb 0.0) -b 80 2.6 D 


*Means followed by the same letter are not significantly different at 


the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 
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Figure 12. 


Green foxtail sprayed at 2-3 leaf stage with chloroxuron 
0.84 kg/ha, 17 days before photographing. Note the great 
reduction in growth after treatment with chloroxuron 

plus oil (right) compared with plants treated with 
chloroxuron plus emulsifier (second from right) or 


chloroxuron alone (second from left). 
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Table 18. Effects of different rates of chloroxuron with added 


rapeseed oil on green foxtail and faba beans. (Means of 


4 replications). 


Green Foxtail 


(average per pot) 


Number of Plant Dry 


Treatment plants height weight 
(cm) (g) 

Control 20 Siig Beis 9.00a 
Chloroxuron 

0.84 kg/ha 20 S0s2ab 9.08a 
Chloroxuron 

0.84 kg/ha + ; 

emulsifier 20 28. 8ab Sin, Lieu 
Chloroxuron 

0.84 kg/ha + 

L231 harorl 1 19.2c 2-23 
Chloroxuron 

0.56 ke/ha + 

Pie set na ole 19 Zinoe 3.60¢C 
Chloroxuron 

0.28 kg/ha + 

Pre23 “by he. oid 20 23 0ObC Syieaye 


Faba beans 


(average per pot) 


Plant Dry 
height weight 
(cm) (g) 
S15 6.90a 
Spey 6.23a 
SiS) 6.7828 
SH Mio 4.03b 
Se 0 Devoe 
ENS Fes) 6.35a 


*Means followed by the same letter are not significantly different at 


the 5Z level using Duncan's Multiple Range Test (Duncan, 1955). 
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Thus it was found from these two experiments, 5f-1 and 5f-2, that 
the addition of rapeseed oil to chloroxuron greatly increased its 
phytotoxicity to green foxtail but reduced its selectivity with 
regard to faba beans, 

Anderson (1968), Anderson and Ziebart (1969), and Gossett and 
Riech (1971) also found that the ead teien of a non-phytotoxic 
mineral oil to chloroxuron increased weed control but also increased 
injury to the soybean crop. 

5g. Nitrofen on stinkweed and lamb's quarters 
Although there was no significant difference among the 
nitrofen treatments there was a tendency for the treatment with added 
rapeseed oil to lead to less reduction in plant dry weight than 
nitrofen alone or with added emulsifier (Table 19). This Ean etree 


the results obtained in the field (see Field Experiments 2e-1l, 2e-2), 


5h. Benazolin on cleavers and rapeseed 


. 


Although there was no significant difference among 

the benazolin rpaeenenee in the first experiment, 5h-l, there was 
a tendency for 0.42 kg/ha of benazolin plus rapeseed oil to effect 
greater reduction of dry weight of cleavers than 0.42 kg/ha of 
benazolin alone or with emulsifier or than 0.84 ke/ha of benazolin 
alone. There was no significant effect on the rapeseed from any of 
the benazolin treatments although 0.84 kg/ha of benazolin alone had 
the greatest effect in reducing dry weight of rapeseed (Table 20). 

In the second experiment, 5h-2, addition of 2.81 1/ha rapeseed 
oil to benazolin resulted in a 44% greater reduction of cleavers' 
dry weight than from benazolin alone and a 34% greater reduction 


than after benazolin plus emulsifier. Addition of 11.23 1/ha rapeseed 
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Table 19. Effect of nitrofen (0.56 kg/ha) with added rapeseed oil on 


lamb's-quarters and stinkweed. (Means of 4 replications). 


Lamb's-quarters and Stinkweed 


Average plant height Plant dry weight 
Treatments Cott) (8) 
Control Wea 0 ar HR hg 
Nitrofen Sy Sie 0.45 b 
Nitrofen + emulsifier 6.00 b 0.522 
Nitrofen 4.11.23 1/ha oil 5.00 be OO sat 


*Means followed by the same letter are not significantly different at 


the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 
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Table 20. Effect of benazolin with added rapeseed oil on rapeseed 


and cleavers. 


Cleavers 
(average per pot) 
Plant Dry 
Treatment Percent of height weight 
plants killed (cm) (g) 

Control 0.0 SOSG 12.92a% 
Benazolin 

0.42 kg/ha 70.7 PIRES: L522) 
Benazolin 

0.42 kg/ha + 

emulsifier TOS 20.5 0.93b 
Benazolin .. 

0.42 kg/ha + 

LE Zou thy he OL) OT a Ae) 0.02b 
Benazolin 

0.84 kg/ha 95.8 1335 0.30b 


(Means of 4 replications). 


Rapeseed 
(average per pot) 


Plant Dry 
height weight 
(cm) (g) 
ADs 0 20.40a 
1369 19.97a 
i Bee 19.70a 
one) 19.89a 
TRA Wea 
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*Means followed by the same letter are not significantly different at 


the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 
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oil to benazolin caused a 70% greater reduction of cleavers dry 
weight than benazolin alone, a 65% greater reduction than benazolin 
plus emulsifier, and a 45% greater reduction than benazolin plus 
2.81 1/ha of rapeseed oil. The larger amount of rapeseed oil added 
to benazolin induced better control than the smaller amount. 
Benazolin nie 11.23 1/ha of rapeseed oil led to 89.4% kill of 
cleavers whereas benazolin plus 2.81 l/ha of oil caused only 65.5% 
kill. There was no significant effect of any of the benazolin 
treatments on rapeseed dry weight (Table 21). These experiments 
confirmed the results of field experiments 2f-1 and 2f-2. 

It was concluded from these experiments and field experiments 
with benazolin that the addition of rapeseed oil greatly increased 
the phytotoxicity of benazolin on cleavers and did not seem to 


significantly reduce the selectivity with regard to rapeseed. 
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SUMMARY OF GROWTH CHAMBER AND GREENHOUSE EXPERIMENTS 

The studies employing different fractions of rapeseed oil 
indicated that there was no effect of these oils on the test plant 
species. In view of this finding, it was decided that the crude 
rapeseed oil, eee least expensive, would be used in further 
studies. The crude rapeseed oil could be sprayed on the test species 
without damage from rates to at least 112.33 1/ha (10 Imp gal/A). 
The selected emulsifier, Triton X-363M, had no adverse effects on 
rapeseed plants. From the studies involving rapeseed oil added to 
herbicides used on the species included in these tests, it was found 
that the oil significantly increased the phytotoxicity of 2,4-D 
amine, MCPA amine, chloroxuron, and benazolin; that the oil tended 
to increase the phytotoxicity of barban, dalapon, and TCA; and that 


the oil tended to decrease the phytotoxicity of nitrofen. 
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IIl. FIELD EXPERIMENTS 


A. Materials and Methods 


1. General procedures. 

Field experiments were conducted on fallowed Malmo clay loam 
soil at the University of Alberta Research Station at Ellerslie in the 
summers of 1973 and 1974. Crops and gahe species of weeds, Tartary 
buckwheat and wild oats, were planted with a 1.8 m (6 foot) press 
drill with a 15.24 cm (6 in) spacing. Cleavers and green foxtail 
were planted with a motorized V-belt seeder with a 15.24 cm spacing. 
All cropped plots were fertilized with 84 kg/ha (75 1b/A) of 11-55-0 
fertilizer. Herbicides were applied using a bicycle-wheeled plot 
sprayer with a 1.5 m (5 foot) boom containing 3 nozzles. Volumes 
of 56.16 1/ha (5 Imp gal/A) were applied with Tee Jet 650067 aoaniee 
and volumes of 112.33 1/ha (10 Imp gal/A) were applied with Tee Jet 
65015 nozzles. Pressure was obtained from a compressed air tank with 
a eects reeks permit 2.81 kg/cm? (40 psi) to the spray system. 

Speed was gauged with a Reebdome ces to 5.3 km/hr (3.3 mph). Treatments 
included an unsprayed control, herbicide sprayed in water, herbicide 
sprayed in water with emulsifier added, and herbicide sprayed in a 
rapeseed oil-water emulsion. Rapeseed oil was added at 11.23 1l/ha 

(1.0 Imp gal/A) in 112.33 1/ha (10 Imp gal/A) total volume. In 1974 
rapeseed oil was also added at a rate of 2.81 1/ha (0.25 Imp gal/A). 

In all cases except where noted, oil was emulsified using Triton 
X-363M emulsifier at 5% v/v of the oil. In the preparations including 
only emulsifier-with herbicide the proportion of emulsifier was the: 
same as that used with the 11.23 1/ha rate of oil. Herbicide rates 


used were less than normally recommended field rates in order to permit 
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detection of any increased effect of added rapeseed oil. Treatments 
were replicated 4 times on 1.8 mx 5.5 m (6 ft x 18 ft) plots in 1973 
and gon-l). Semex 93, 2m (rft x N2cet) plots anwl974.. Plots ‘were: smaller 
in 1974 due to limited land availability. For most experiments visual 
injury scores were recorded three times during the summer. Harvesting 
was done using peda tools on an area 0.84 m2 et! yd*) from each plot. 
Harvest data consisted of plant dry weight of top growth for the weeds 
and seed yield weight for the crops. 

In 1973, crops and weeds were planted in separate areas so the 
effect of the rapeseed oil added to herbicides could be clearly 
distinguished. This eliminated the confusing effect of competition 
between aaa and crops. If the oil was beneficial in relation to 
control of the weeds alone presumably the results would be even more 
beneficial with the weeds in the crop, owing to the added effect of 
crop competition. With this rationale the crops and weeds were planted 
together in 1974 to simulate practical conditions. 

2. Herbicide treatments with and without rapeseed oil additive 

in the field. 

2a. 2,4-D amine on Tartary buckwheat, barley, and wheat 

2a-1. Plots were seeded with Conquest barley on May 16 and 
with Tartary buckwheat in a epee. adjacent experiment on May 31, 
1973. The barley was sprayed at the 5-6 leaf stage on June 19, 
buckwheat at the 2-3 leaf stage on June 22 with 0.56 kg/ha (8 oz/A) 
of the dimethylamine salt of 2,4-D with and without added rapeseed 
oil at 11.23 1/ha (1.0 Imp gal/A). Total spray volume was made up to 
112.33 1/ha (10 Imp gal/A) with water. Triton X-207 emulsifier was used 


at 5% v/v of the oil in this experiment because the supply of Triton 
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X-363M had been exhausted. The estemine formulation of 2,4-D was 

used in water only, for comparison with the dimethylamine preparation 

of 2,4-D made by the same company. Conditions for spraying on both 

dates were good: temperature 21.1°C (70°F) and 18.3°C (65°F) 

respectively, light winds both days, and no rain fell within the 

twenty-four hours after spraying. Visual injury scores were recorded 

four times during the summer. Tartary buckwheat was harvested on 

August 15. Barley was cut on August 21 and threshed on August 30, 1973. 
2a-2. In 1974, Thatcher wheat was seeded on May 24 at 

right angles to the rows of Tartary buckwheat seeded 3 days earlier. 

Rates of 2,4-D used were 0.42 kg/ha (6 oz/A), 0.56 kg/ha (8 oz/A), 

and 0.70 kg/ha (10 oz/A) alone and with added rapeseed oil at 2.81 1l/ha 

(0.25 Imp gal/A) and 11.23 1/ha (1.0 Imp gal/A). Uniform stands of 

crop and weeds were sprayed on June 17 when the wheat was in the 4-leaf 

stage with longest leaves averaging 16 cm. At this time the Tartary 

buckwheat fed 3 to 5 leaves on plants about 10 cm tall. Conditions 

for spraying were ideal: temperature 23.9°C (75°F), wind 8 km/hr 

(5 mph), and no rain fell within twenty-four hours after spraying. 

Tartary buckwheat was harvested on August 15. Wheat was cut on 


September 17 and threshed on September 26, 1974. 


2b. Barban on wild oats, barley, and rapeseed 


Barban was tested in the field only in 1973. The 1974 
experiment was not completed owing to very poor germination of the wild 
oats. 

Wild oats were seeded on May 15, 1973. In adjacent but separate 
plots Conquest barley was seeded on May 16 and Span rapeseed on May 17. 


Plants were sprayed with 0.24 kg/ha (3.5 oz/A) of barban on June 6 
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when wild oats were in the 2-leaf stage, barley in the 3-4 leaf stage, 
and rapeseed in the 2-4 leaf stage. The spray was applied at 3.16 LG 
(45 psi) with the boom tilted forward at a 45°angle. Conditions at time 
of spraying were ideal: temperature 22.2°C (72°F), wind 8 km/hr (5 mph), 
and no rain fell in the twenty-four hours following spraying. Wild oats 
' were harvested August 14, barley August 21, and rapeseed August 23. 

2c. Dalapon and TCA on green foxtail, barley, rapeseed, and 

oats 

2c-1. Conquest barley was seeded on May 16, Span rapeseed 
on May 17, and green foxtail on June 5, 1973 each in separate but 
adjacent plots. | Dalapon at 0.84 kg/ha (0.75 Ib/A) and TCA at 1.12-ke/ha 
(1.0 1b/A) with and without added rapeseed oil at 11.23 l/ha was 
sprayed on barley and rapeseed on June 13 when barley was in 5-6 leaf 
stage and rapeseed in 3-6 leaf stage. Conditions for spraying were 
fairly good with temperature 20°C (68°F) and light wind--less than 
9.6 km/hr eo Te There was a trace of precipitation within the 
twenty-four hours after Samuntae fm Green foxtail in the 2-3 leaf 
stage, 3 cm tall, was sprayed on June 26. Conditions were good at 
spraying time: temperature 16.7°C (62°F), light wind, and no rain fell 
in the twenty-four hours following spraying. Barley was harvested on 
August 21, rapeseed on August 23, and green foxtail on August 28. 

2c-2. In 1974, Garry oats were seeded on May 27. The same 
day 4 rows per plot of green foxtail were seeded between the rows of 
oats. On June 17 plots were sprayed with 1.12 kg/ha (1.0 1b/A) of 
TCA when both species were in the 3-4 leaf stage. The green foxtail 


plants were 3.5 cm tall and the oats 17 cm tall. Rapeseed oil was 
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added at, the rate of 2.81 1/ha.(0.25 Imp. gal/A)..or 11.23 1/ha (1.0 
Imp gal/A). Conditions at spraying time were ideal: temperature 
23.9°C (75°F), light wind, and no rainfall during the twenty-four 
hours following spraying. Green foxtail was harvested on August 14 
and oats on August 30, 1974. 

ad. MCPA amine on Tartary buckwheat and oats 

Garry oats were seeded at Ellerslie on May 27, 1974, at 

right angles to the rows of Tartary buckwheat seeded six days earlier. 
Uniform stands of crop and weeds were sprayed with 0.56 kg/ha (8 oz/A) 
of MCPA amine with and without added rapeseed oil at 11.23 1/ha on June 
17 when the crop was in the 2-3 leaf stage with the longest leaves 
averaging 18 cm. At this time the Tartary buckwheat had 3 to 5 leaves 
on plants about 10 cm tall. A frequently recommended field treatment 
was included for comparison. This was a tank mix of 0.56 kg/ha MCPA 
plus 0.28 kg/ha (4 0z.A) of linuron. Conditions at spraying time 
were ideal: temperature 23.9°C (75°F), wind 9.6 km/hr (6 mph), and 
no rain fell during the twenty-four hours following spraying. 
Visual injury scores were recorded four times during the summer. 
Tartary buckwheat was harvested on August 2 and oats on August 30. 

2e. Nitrofen on Tartary buckwheat and rapeseed 

2e-1. Span rapeseed was planted on May 17. An adjacent 
comparable experiment with Tartary buckwheat was established on 
May 31, 1973. Nitrofen at 1.12 kg/ha (1.0 1b/A) with and without 
added rapeseed oil was sprayed on the rapeseed at 3-6 leaf stage on 
June 13 and on Tartary buckwheat at 2-3 leaf stage on June 22. 
Conditions for spraying on June 13 were fairly good: temperature was 


20°C (68°F) with light wind but there was a trace of precipitation 
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within the twenty-four hours after spraying. On June 22 temperature 
was 18.3°C (65°F) and there was light wind. No rain fell within 
twenty-four hours of spraying. Visual injury scores were recorded 
four times during the summer. Tartary buckwheat was harvested 
August 15 and rapeseed on August 23. 

2e-2. Span rapeseed was i es at Ellerslie on May 27, 
1974, at right angles to Tartary buckwheat seeded five days earlier. 
Plots were sprayed with 1.34 kg/ha (19.2 oz/A) of nitrofen with and 
without added rapeseed oil on June 18 when the rapeseed was in the 
3-6 leaf stage on plants 7 cm tall. The Tartary buckwheat was in the 
3-5 leaf stage on plants 11 cm tall. Conditions at the time of 
spraying were ideal: temperature 26.7°C (80°F), wind 6.4 km/hr (4 mph), 
and no rain fell within twenty-four hours following spraying. Visual 
injury scores were recorded a week following spraying. Plants were 
harvested on August 21 and rapeseed threshed on September 3. 

of. Benazolin on cleavers and rapeseed 

Z2F=—1, On. Wane &. 1973, cleavers were seeded in plots 
involving 4 rows 15 cm apart, 5.4 m long, per plot. Benazolin at 
0.56 kg/ha (8 oz/A) with and without rapeseed oil was sprayed on 
June 27 when the cleavers were in the first whorl stage, 2.5 cm tall. 
Conditions at spraying time were fees temperature 21.1°C (70°F), 
wind 6.4 km/hr (4 mph), and no rain fell during the twenty-four hours 
following spraying. Cleavers were harvested on August 29. 

2f-2. Span rapeseed was seeded in two adjacent locations at 
Ellerslie farm on May 28, 1974. The next day four rows of cleavers 
per plot were seeded between the rows of rapeseed in one of the locations. 


In a third area having no rapeseed four rows of cleavers per plot were 
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seeded alone. On June 19 plots were sprayed with benazolin at 0.42 
kg/ha (6 oz/A), 0.56 kg/ha (8 oz/A), and 0.70 kg/ha (10 oz/A) with 
and without rapeseed oil added to 2.81 1/ha (0.25 Imp gal/A) or 11.23 
I/ha.(1.0 Imp gal/A). The cleavers were in the 1-2 whorl stage, 4.5 
cm tall. The rapeseed was in the 4-6 leaf stage, 8.5 cm tall. 
Conditions were ideal for spraying: temperature 23.9°C (75°F), wind 
4,8 km/hr (3 mph), and no rain fell within the twenty-four hours 
after spraying. The plots with cleavers alone were harvested on 
August 13, those with rapeseed and cleavers on August 22, and the 


plots with rapeseed alone, on August 23. 
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B. Results, Discussion, and Conclusions 


(Note: Topic 1. "General procedures", was completed under 
"Materials and Methods"). 
2. Herbicide treatments with and without rapeseed oil additive 
in the field. 
Za. 2=45D) amine on Tartary puede: barley, and wheat 
2a-1l. In 1973, the 2,4-D amine plus rapeseed oil treatment 
caused the greatest reduction in dry weight of Tartary buckwheat, 
about 40% more reduction than that caused by 2,4-D amine alone or 
plus emulsifier (Table 22). The visual scores for buckwheat in 
August were lower than in July owing to an unusually wet season, 
14.68 cm (5.78 in) of rain between July 10 and August 10, which 
encouraged revival of some of the plants growing without crop 
competition in these plots. It can be anticipated that the weed 
control would have been even better had crop competition been 
involved ae as noted earlier these experiments were designed to 
avoid such Pomp Mee Cnee or interpretation. None of the treatments 
had any adverse effect on the barley (Table 22). 
2a-2. During the summer of 1974 in the experiment having 
Tartary buckwheat growing with Thatcher wheat, there was slight 
reduction of height and slight delay in heading of the wheat crop 
after herbicide treatments including added rapeseed oil. Data for 
grain harvested September 18, however, showed no significant 
differences between any of the 2,4-D treatments and the handweeded 
control. There was a greater than 50% increase in seed yield after’ 
2,4-D treatments compared with the weedy control (Table 23). 


Addition of rapeseed oil greatly increased the effect of 2,4-D 
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Table! 23% 


rapeseed oil on Tartary buckwheat in wheat, 1974. 


(Means of 4 replications). 


Tartary Buckwheat 


Dry Plant 
Number of weight height 
Treatments plants /ac g/m” cm 
Control (weed-free) 0 rele - 
Control (weedy) 145 ax Dona 69 a 
2,4-D 0.42 kg/ha 100 b To DCdw soon De 
2,4-D + emulsifier o/2c. 46 bed 2. e 
2:4—D FF 2.8L i/ha oil 30 efg Loved 26 cde 
24=D? MAS 23) 1/hat of 10 fg 2d ISter 
2,4-D 0.56 kg/ha 60 cd Soh phere eee Pre) 
2,4-D + emulsifier 35 def Zed Zoned 
2,4=-D + 2.81 Wha oil Logie Jd 19, ef 
2h D til casei oa oil 4¢ iid 1325 
2,4-D 0.70 kg/ha Wr Miayey etal e% 43 bed 29 cd 
2,4-D + emulsifier ZO. Ee 3d 22 def 
2,4-D + 2.81 1/ha oil 10° ie vod 22 def 
DiA-—Drae M23" W/havoil Ze ea dD 5 


Effect of different rates of 2,4-D amine with added 


Wheat 
grain yield 
g/mo*# 


443 a 
248 b 


424 a 
439 a 
432 a 
398 a 


399 a 
424 a 
398 a 
409 a 


440 a 
294 a 
414 a 
S7Sr. 


*Means followed by the same letter are not significantly different at 


the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 


5 
**Results from a (0.84 m°) extrapolated to m’. 
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amine on Tartary buckwheat as shown by the decrease in numbers of 
plants compared with those remaining after treatments with 2,4=-D 
alone Of with emulsifier, . All tates) of 2,4=-D with 11.23 1/ha of added 
rapeseed oil decreased the number of plants by 90%, or more, than did 
those rates of 2,4-D alone and by 85%, or more, than did those rates 
of 2,4-D with emulsifier, Even the Bagi eien of 2.81 l/ha of rapeseed 
oil to 2,4-D decreased the number of plants by 68-83% over 2,4-D 
alone. Dry weight and height of Tartary buckwheat also showed 
sdmilar- trends (fable 23). 

From the results of these 2 experiments, 2a-l1 and 2a-2, it was 
concluded that the addition of rapeseed oil greatly increased the 
phytotoxicity of 2,4-D amine on Tartary buckwheat but did not 
significantly affect its selectivity with respect to barley and 
wheat. 

Comparative costs of 0.42 kg/ha (6 oz/A) of 2,4-D amine with 
added Pye seed oil and 0.70 kg/ha (10 oz/A) of 2,4-D amine alone were 
estimated (Table 24). Although the cost of the 2,4-D with rapeseed 
oil treatment was higher and it either slightly reduced or did not 
improve wheat yield compared to 2,4-D alone, it did however provide 
much greater weed control. Owing to the fact that it is very 
difficult or impossible to screen Taeeery buckwheat seed from wheat 
grain, the amount of control of this weed in the crop is an 
important consideration apart from any potential improvement of 
grain yield. 

2b. Barban on wild oats, barley, and rapeseed 
Barban with added rapeseed oil did not have as much 


effect on wild oats as did barban with emulsifier. Both these 
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Table 24. Extent of control of Tartary buckwheat in wheat in 
relation to costs of treatment with 2,4-D amine with 


and without rapeseed oil. 


% Weed 
Estimated Control Crop Yield (Expt. 2a-2) 

Treatment Cost $/A* (Expt. 2a-2) 1b/A** bu/A 
Weedy Control - - 2217 Veal) 
2,4-D amine 100z2/A 

alone (0.70 kg/ha) E25 62 3944 G55.7 
2,4-D amine 6 oz/A 

+ oil (0.42 kg/ha) 3.90 93 3560 SS: 


*Cost per acre X 2.4/1 = cost per hectare. 


Costs based on the prices of herbicide, oil and emulsifier in 
June, 1974. 


**Pounds per acre X 1.12 = kilograms per hectare 
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treatments were significantly different from barban alone (Table 25). 
Thus it was concluded that it was the emulsifier and not the oil that 
was having the most effect on the phytotoxicity of barban on wild 
oats. There was no adverse effect of any of the barban treatments 
on the seed yield of rapeseed or barley. 

2c. Dalapon and TCA on He a barley, rapeseed, and 

oats 

2c-l. The results from the 1973 experiment did not show 
any adverse effect on the rapeseed with either chemical or on barley 
with TCA. Dalapon with added emulsifier or oil tended to affect the 
grain yield of the barley. There were no significant differences 
among the dalapon treatments or among the TCA treatments on the green 
foxtail. However, with both dalapon and TCA, herbicide with added | 
rapeseed oil appeared to cause more dry weight reduction than 
herbicide alone. Herbicide with emulsifier tended to cause even 
more reduction (Table 26). Thus it appeared that even though the 
difference was not ae oar significant the emulsifier rather 
than the oil had the most effect on the phytotoxicity of the dalapon 
and TCA. 

2c-2. In the 1974 experiment, similar results were 
obtained with TCA on green foxtail in oats. TCA with 11.23 1l/ha of 
added rapeseed oil resulted in more control of green foxtail than 
TCA alone but TCA with emulsifier caused even better control than 
TCA with oil. TCA with 2.81 1/ha of rapeseed oil was similar to 
TCA with emulsifier (Table 27). There was no adverse effect of any 
of the TCA treatments on the grain yield of oats. 


It was concluded from these two experiments, 2c-1 and 2c-2, that 
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Table 25. Effects of barban (0.24 kg/ha) with added rapeseed oil on 
wild-oats, barley, and rapeseed, 1973. (Means of 4 


replications). 


Wild Oats 
a Barley Rapeseed 
Plant height . Number of Dry weight grain yield crop yield 
Treatment cm culms /m2 g/m2 g/m2 g/me** 
Control t22 364 690 a* 380 a 186 a 
Barban £25 390 740 a © 448 a 1363ha 
Barban + 
emulsifier 116 140 200 b 386 a 204 a 
Barban + 
{i223 1f/havoil 105 thes | 380 b 421 a 201 a 


*Means followed by the same letter are not significantly different at 
the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 


**Results from ae (0.84 nm) extrapolated to am 
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Table 26. Effects of dalapon (0.84 kg/ha) and TCA (1.12 kg/ha) with 
added rapeseed on green foxtail, rapeseed, and barley, 1973. 


(Means of 4 replications). 


Green Foxtail 


Rapeseed Barley 
Plant height Dry weight Crop yield Grain yield 

Treatments cm of 6m** 2/im2 go /m2**k 
Control 80 oy2 42 186 a 380 a 
Dalapon 20 i6e 169 a 421 a 
Dalapon + 

emulsifier 15 See 164 a 336 a 
Dalapon + 

200 / ha OL ZZ 49 c 190 a 329 a 
TCA 42 218 b B57 a 383 a 
TCA + emulsifier wh 156 b 188 a 404 a 
TCA 

L1V28°h/ha-otl 39 163 b 209 a 386 a 


*Means followed by the same letter are not significantly different at 
the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 
**Results from 2 rows 10 ft. (3m) long. 


**kXResults from yd (0.84 m) extrapolated to m2. 
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Table 27.) Brfteer ofsica (1.12 ke/ha) with added rapeseed oil on 


green foxtail in oats, 1974. (Means of 4 replications). 


Green Foxtail 


<< al PgR Pa a ee Oats 
Plant height . Dry weight Siaiiaseng 
o AK. kK 
Treatments et g/3. 6m g/mo** 
Control (weed-free) - - 402 a 
Control (weedy) W2O5 tax 48.6 a 412 a 
TCA 2755*5 3879p at4 a 
TCA + emulsifier ; Livs € 8.8 d 445 a 
BO F236 11) ha°oxd LOS 2h C aS pare 426 a 


FON settee fhe oft ronZ2*e ye 439 a 
ee eee ee 2 ES ee at is ee eee? sea eh iy pies tye 
*Means followed by the same letter are not significantly different 
at the 54 level using Duncan's Multiple Range Test (Duncan, 1955). 
**Results from 4 rows 3 ft-(.9 m) long. 


***Results from wie (0.84 m2) extrapolated to m2, 
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rapeseed oil did not significantly increase the phytotoxicity of 
dalapon or TCA under field conditions. 

2d. MCPA amine on Tartary buckwheat and oats 

The recommended treatment of MCPA plus linuron caused 

more visible damage to the crop than the other MCPA treatments. 
Data for grain ere cetauacer 30; dome ee showed no significant 
differences between any of the treatments and the handweeded control. 
Results from all treatments were more than 100% better than those for 
the weedy control. MCPA amine alone did not give as effective control 
of Tartary buckwheat as MCPA plus linuron. Addition of rapeseed oil 
increased the effect of the MCPA amine on the Tartary buckwheat as 
shown for example by over 75% decrease in the number of plants 
compared with those remaining for treatments with MCPA amine alone. 
MCPA amine with added rapeseed oil was also almost 50% better than 
MCPA plus linuron in controlling Tartary buckwheat. The enhancement 
by ees ee of MCPA on Tartary buckwheat was also shown by 
reduction of height Aad weight as compared to MCPA alone 
(Table 28). 

It was concluded that rapeseed oil added to MCPA amine significantly 
increased the phytotoxicity of MCPA on Tartary Boe tynest and did not 
reduce selectivity in relation - oats. 

A comparison of the costs of the recommended field treatment of 
a tank mix of MCPA and linuron and the experimental treatment of MCPA 
and added rapeseed oil was estimated (Table 29). Although the cost 
of MCPA with oil was higher, this treatment provided a larger | 


percentage of weed control without a significant decrease in crop yield. 


i 


S50 Sat Sli in, z 
beta RY Sais Is) Jest ine lila pat. 7" 
Sn pret - ee 


Woaratet Hit! Sight areata 


ney mare ; pai oni iim, t3 
ye 0, apis) 
joke petit fdanna re oot ™ : 
i he i en or 


had me dla ot apni + ead: aett bas ‘tke 


cag utbady: nia vitobon ADE te 


sg. tae? 


1 wt ie ‘f ‘ek eoiaed | 


aay 


ei i ielestie woe 


Lis 


see | Rildhd «tell RY 


yeti tar}. as 
* AA Se Kv oh Gh Ae rere ath SRE dient 
f Pr ee ) Aifpay Hees yore aud 4 or wok Srceiepand og ral 
yn H2y,5 wit i eit Arc ai | pr danTin ous ; es 
et “lee a Tae MAT, tl aia8 Sp ae 7TSevVe ‘ed alqoexs 708 ale 
five! | ee ha isla i) nate ON Ee yh calvdemer: ogouly datwi we antl 
aie aie a ngs ont enw fea useage abba teste ea iste! 
ce heloastaians saihes fab k omitraes oe woainth ai 
<— 


pe Oars i Fi 


tp 


righe yah ; 
vt atl said Aeon cnet x “snc to440 van 
or ASM ae all mien how sstyzos to. aghapiibes 


Ga ipa S ne 2 
eve t4 Po eint Sede)! enw | 


(BS ear 


=f : 


| chen ies ag tlt ho stg aul: elle une soe it 


ano Died s hes wth Ye fetta xosu29de ait bastmrond, 
2t quiviooelng aoubst 


ne 

a!” ol os, lntostes 
cLawweigeor 279 Us deny oo to. oe risgune A 
re ot PvAER old Seem Loe SOP $n, ote stad s : 7 
ent iawn ee was Lee i ee bon ) 
; ro ahve ATI oe 


' 
tS Bb in) 


iy) l : 
vee al) So 


y- é } Viuoya, ase IY @; 
« >ihe epi op Viaghe « Yeo Rvetues baw te egmigpsreg. | 
; - Bl 
‘ j : 
ae ae 
j are ¥ 
it ot = : 
3 f 
q ie 5 n 


96 


Table 28. Effect of MCPA amine (0.56 kg/ha) with added rapeseed oil 
on Tartary buckwheat in oats, 1974. (Means of 4 


replications). 


Tartary Buckwheat 


Oats 
Number of Dry weight Plant height grain yield 

Treatments plants/m2 g/m2 cm g/m2%% 
Control (weed-free) 0 - - 35:7 a 
Control (weedy) 146 ax SW ayes S242 109 b 
MCPA 99 b ARGS Ab) 49 b 3195a 
MCPA + 

emulsifier 87 b 64 ¢ eon Bole 
MCPA + 

Aes ely) nae On. Zoe 7d 19 c 328 a 
MCPA + 

0.28 kg/ha linuron 44 ¢ 2ied 49 b 347 a 


*Means followed by the same letter are not significantly different 


at the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 


*kResults from a (0. 84 m2) extrapolated to m2. 
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Table 29. Extent of control of Tartary buckwheat in oats in relation 
to costs of treatment with MCPA amine and. rapeseed oil or 


with MCPA amine and linuron. 


% Weed : 
Estimated Control OTA Bee, 8) 
Treatment Cost $/A* (Expt, 2d) 1lb/A** bu/A 
Weedy control - - 981 2060 
MCPA amine 8 oz/A 
(0.56 kg/ha) + 
Linuron 4 oz/A 
(0.28 kg/ha) 20) 70 Shiliies! OARS 
MCPA amine 8 oz/A 
+ oil (0.56 kg/ha) (be, 335) 84 2932 86.2 


*&Cost per acre times 2.471 = cost per hectare. 


Costs based on the price of herbicide, oil, and emulsifier in 
June, 1974. 


**Pounds per acre times 1.12 = kilograms per hectare. 
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2e. Nitrofen on Tartary buckwheat and rapeseed 


2e-1. Addition of rapeseed oil to nitrofen decreased the 
herbicidal activity of nitrofen on Tartary buckwheat. There was a 
significantly greater dry weight of Tartary buckwheat in plots treated 
with nitrofen with added rapeseed oil than in those treated with 
nitrofen alone or nitrofen with emulsifier (Table 30). There were no 
significant differences among the nitrofen treatments on rapeseed 
although plots with nitrofen plus oil, yielded slightly higher 
than the nitrofen plots without oil. 

2e-2. Addition of rapeseed oil as in 2e-1 decreased the 
effect of the nitrofen on Tartary buckwheat. There was, for example, 
a 35% increase in the number of remaining buckwheat plants compared 
with those after treatment with nitrofen alone (Table 31). There 
were no statistical differences among the nitrofen treatments on 
rapeseed yield, although as in 2e-1, plots with nitrofen plus 
rapeseed oil tended to yield slightly more than the nitrofen plots 
without oil. Possibly this tendency was a net effect of somewhat 
less crop injury outweighing influence of greater weed population. 
As a result of these two experiments it seems reasonable to conclude 
that the rapeseed oil decreases the phytotoxicity of nitrofen or 
in some way protects the plants from as severe an injury as results 
from nitrofen alone. 

2f. Benazolin on cleavers and rapeseed 

2f-1. The scores during the summer of 1973 indicated that 
there was considerable regrowth of the cleavers in the plots treated 
with benazolin without rapeseed oil. Addition of rapeseed oil to 


benazolin greatly increased the effect of the benazolin on cleavers 
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Table 30. Effect of nitrofen (1.12 kg/ha) with added rapeseed oil on 
Tartary buckwheat and rapeseed, 1973. (Means of 4 


replications). 


Tartary Buckwheat 


a Rapeseed 

Number of Dry weight crop yield 
Treatments plants/m2 g/m g /me2*%* 
Control 145 539 ax Delile: 
Nitrofen 69 ZOBEG DNA B) 
Nitrofen + emulsifier 85 307 -¢ 204 a 
Witrofen’ + [1.23 i/f/ha oil 114 395 b Da 


*Means followed by the same letter are not significantly different 


at the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 


**Results from aa (0.84 m2) extrapolated to m*. 
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Table 31. Effect of nitrofen (1.34 kg/ha) with added rapeseed oil on 
Tartary buckwheat in rapeseed, 1974. (Means of 4 


replications). 


Tartary Buckwheat 


Rapeseed 
Number of Dry weight Crop yield 
Treatments plants/m2 g/m g/me** 
Control (weed-free) 0 ~ 188 a 
Control (weedy) 79 a* 2238.2 86 ¢ 
Nitrofen 46 b 119 b 1e2 >be 
Nitrofen + emulsifier 38 b 88 b 181 ab 


Nitrofen + 11.23 1/ha oil 62 ab 134 ab 143 ab 


*Means followed by the same letter are not significantly different 


at the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 


**Results from yd2 (0.84 m2) extrapolated to m2, 
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as shown by a 75% decrease in the dry weight of plants as compared 
with weights after treatment with benazolin alone. There was also a 
65% decrease in dry weight of cleavers as compared with results from 
benazolin plus emulsifier (Table 32). 
2f-2. Initial injury of the rapeseed occured with benazolin 

treatments in 1974, eee was more tis with the benazolin having 
rapeseed oil added. The rapeseed in the benazolin treatments did 
recover slowly, but the stand was reduced and flowering was delayed 
4 to 7 days. Ultimate recovery, however, was apparently complete, 
probably due to filling in by branching of the rapeseed. ‘There was 
no significant difference in seed yield at harvest time. Addition 
of rapeseed oil increased the effect of benazolin on cleavers as shown, 
for example, by a 70% decrease in the dry weight of plants vouparean 
with the weight following use of 0.56 kg/ha of benazolin alone 
(Table 33). There was a 75% decrease in cleavers dry weight after 
adding oil 3 0.70 kg/ha of benazolin as compared with the same rate 
of benazolin alone fies 13, 14). The difference in the amount of 
cleavers alone, compared with the amount of cleavers in the rapeseed, 
was due to rapeseed emerging before the cleavers and the great 
competitive effect of the rapeseed plants themselves. This made it 
virtually impossible to distinguish any effect of rapeseed oil added 
to benazolin on the control of cleavers present in the crop. 

Based on data from the cleavers growing alone in both years, it 
can be concluded that the addition of rapeseed oil significantly 
increased the phytotoxicity of benazolin on cleavers without dras- 


tically altering its selectivity with respect to the rapeseed crop. 
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Table 32. Effect_of benazolin (0.56 kg/ha) with added rapeseed oil 


on cleavers, 1973. (Means of 4 replications). 
: Dry weight 

Hi i Ee ** 

njury Scores 0-9 scale** _ nese 
Treatments July 4 July 10 Aug 10 g/7.3m**% 
Control 0 0 0) 499 ax 
Benazolin 3 4 2 3302b 
Benazolin + emulsifier 55 6 4.9 ZZ80C 
Benazolin + 


11.23 1l/ha oil 6 7 8 79 d 


*Means followed by the same letter are not significantly different 
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at the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 


**%Q0 = no effect, 9 = complete kill. 


**k*Results from 4 rows 6 ft (1.83 m) long. 
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Table 33. Effect of different rates of benazolin with added rapeseed 


oil on cleavers and rapeseed, 1974. (Means of 4 
replications). 
Cleavers dry weight Rapeseed crop yield 
g/9.8m** g [meee 
Treatments | Alone In rapeseed With cleavers Alone 
Control (weed-free) 19a 240 a 
Control (weedy) Cisoas 1523 Door 
Benazolin 0.42 kg/ha 13 O24 
Benazolin + emulsifier 0.0 193, a 


Benazolin + 


2. ol ef navoi 0.0 190 a 
Benazolin + 

Wi 223 <b / havo Ol 170 a 
Benazolin 0.56 kg/ha 685 b £5 213 a 208 a 
Benazolin + emulsifier 399 c Ost 164 a yyy 2 
Benazolin + 

2.01 t/hatork 259) cd 0.0 188 a 
Benazolin +' 

PL2e) 1 /havore 204 d ‘Bisa ll 183 a 150 2a 
Benazolin 0.70 kg/ha 605 b cn 210 a 210 a 
Benazolin + emulsifier SL0Tcd OS 189 a [Svea 


Benazolin + 
2eole a) hasoul 168 d ORs 194 a 


Benazolin + 
PPS2 SAL) ha eoa Lb ai Oss 188 a 179 a 


*Means followed by the same letter are not significantly different at 
the 5% level using Duncan's Multiple Range Test (Duncan, 1955). 
**kResults from 4 rows 8 ft (2.44 m) long. 


2 
***Results from “a (0.84 3 extrapolated tom. 


pba, be AR net 
. r 


“¥ a * ey [en 


% Pe cod.” aiigte ht aml iene 


‘ : ay “5 My 
=A th = : Saints temas tal 2 Hid + iS 4 
- 
= 


Ae) a ; aw are a) . ‘ | Ue 
uy ow ea | Wee. . hie aia ES ot bate 


Le 2eRF ° hi ; U 


‘ tae , ire 
Witte ay Ps Le penny 4,04 Abe tre ia : 
sey a eg in af tga em reli prone re r 


ur’ : ; O,@t yy He 


ros | fa) ‘ rh) . 
me Fe 
¢ i us 


aden te icin a 
eis i 


Sat 
: of A ; way ‘ ‘ | 
oY ay = — ‘ ese — area ohne sh oer hima ea De AY ge) 4 tet net wage att aetna 
: cy ne ¥ : 


As 409 ete To pt Mie os ¢¢ bovoddiet Ropene 


y jmiF: shee reat whaa Lie 6 alae suite Lovet Se sea 
- 
/ 


Bnd apy tig B ever « mest Bilvugese 


a 


th, ae 5 tick Op ha yee tet sed Linas ted 


104 


BFNAZ OLIN 


Figure 13. Cleavers grown in the field and treated at the 1-2 whorl 
stage with benazolin 0.70 kg/ha. Photo taken 6 weeks 


after spraying. 
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Figure 14. 


+EMULSIF 

+WwATER 

+1GAL OIL : 
(168, 163,198 189,) 


Cleavers treated with benazolin 0.70 kg/ha in oil- 
water emulsion containing 11.23 1/ha of rapeseed oil. 


Note the reduction in the amount of growth of cleavers 


compared with that in Figure 13. 
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Using the results from the experiment with cleavers in rapeseed, 
2f-2, a comparison was made of the cost of 0.70 kg/ha (10 oz/A) of 
benazolin alone and the cost of 0.42 kg/ha (6 oz/A) of benazolin 
with 11.23 l/ha of added rapeseed oil (Table 34). The treatment of 
0.42 kg/ha of benazolin with added oil was more economical and 
resulted in much better weed control. The crop yield was slightly 
less but not significantly different from the yield following 0.70 
kg/ha of benazolin alone. Owing to the fact that it is impossible 
to screen cleavers seed from rapeseed and that 5% cleavers in 
rapeseed will result in the rejection of the rapeseed by crushing 
plants, the amount of control of this weed in the crop is an 
important consideration apart from ae potential improvement of 


crop yield. 
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Table 34. Extent of control of cleavers in rapeseed crop in relation 


to costs of treatment with benazolin with and without 


rapeseed oil. 


Estimated 
Treatment Cost $/A* 
Weedy control - 
Benazolin 100z/A alone 
(0.70 kg/ha) 10.00 
Benazolin 6 oz/A + oil 
(0.42 kg/ha) 9.15 


pene Crop Yield (Expt. 2f-2) 
(Expt. 2£-2) 1lb/A** bu/A 
0 1982 39.6 
62 1684 Boh 
2) 1524 305 


*Cost per acre times 2.471 = cost per hectare. 


Costs based on the price of herbicide, oil, and emulsifier in 


June, L974. 


**Pounds per acre times 1.12 = kilograms per hectare. 
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SUMMARY OF FIELD EXPERIMENTS 

The results of the field experiments indicated that rapeseed oil 
did have a definite effect on certain herbicides on the weed species 
in the crops tested. The addition of oil significantly increased the 
phytotoxicity of 2,4-D amine, MCPA amine, and benazolin. There was 
no significant effect of added rapeseed oil on the phytotoxicity of 
dalapon or TCA in 1973. The results from only one year of testing 
indicated that the addition of oil was not as effective as the 
addition of emulsifier alone on the phytotoxicity of barban in 1973 
and TCA in 1974. Rapeseed oil added to nitrofen tended to decrease 
the phytotoxicity of the nitrofen. In the instances where the oil 
increased the phytotoxicity of the herbicide, use of 11.23 1/ha (1.0 Imp 
gal/A) of rapeseed oil tended to be more effective than 2.81 1/ha 
(0.25 <lmp i@al./A) -of .oi1. 

Based on 1974 prices of herbicides and rapeseed oil, the use of 
rapeseed Pail added to herbicides can not be recommended from a 
strictly economic standpoint although there was increased weed 


control without appreciable decrease in crop yield. 
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GENERAL SUMMARY — 

Of the 21 emulsifier products tested, Triton X-207 and Triton 
X-363M seemed to be the best for emulsifying rapeseed oil in water. 
Triton X-363M was selected for use in succeeding experiments for the 
following reasons. It was slightly better at low concentration for 
emulsifying rapeseed oil in water than ae Triton X=207. “triton 
X-363M was less viscous and thus easier to work with than Triton X-207. 
In addition Triton X-207, as of May 1974, was no longer cleared by 
the U.S. Food and Drug administration for agricultural use. The 
optimum concentration range for Triton X-363M was found to be 5 to 
10% v/v of the rapeseed oil. The 5% concentration was selected for 
use in further studies. This concentration of emulsifier did not 
adversely affect the growth of rapeseed plants. 

The four fractions of rapeseed oil tested did not affect the 
growth of wild oats, rapeseed, wheat, common buckwheat, oats, barley, 
and faba beans. It was concluded that the crude rapeseed oil fraction, 
being least expensive, yout be used in the succeeding studies. Results 
indicated that the crude rapeseed oil could be sprayed at rates as 
much as 112.33 1/ha (10 Imp gal/A) without damage to barley, wheat, 
faba beans, and rapeseed plants. 

From microscopic aire os of Tartary buckwheat leaves sprayed 
with 2,4-D amine with and without added rapeseed oil, it could be seen 
that the addition of oil to the spray increased wetting and spreading 
of the herbicide on the leaf. The cuticle layer under the oil droplets 
appeared to be softened or partially dissolved. It was concluded that 
this dissolving or softening can lead to greater penetration of the 


herbicide indicated by the oil induced increase in phytotoxicity of 
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certain herbicides both in growth chamber and field experiments. The 
results of investigations using oil added to herbicides are summarized 
in the following table (Table 35). There was a significant increase 

in weed control without significant crop injury when rapeseed oil was 
added to 2,4-D amine, MCPA amine, and benazolin as compared with 
herbicide Pore added oil. It was possible to use a smaller quantity 
of euCnaead with added rapeseed oil and have weed control as good or 
better than from a larger rate of herbicide by itself. Consequently 
by the use of less herbicide the extent of the possibility for 
environmental contamination might be reduced. 

From the economic standpoint the cost of rapeseed oil at the 
present time seems to limit the feasibility of its use in combination 
with the tested herbicides. However, rising costs of herbicides and 
possible increases in rapeseed production followed by surpluses and 
lower prices of the oil are variables which could change that 


conclusion. 
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